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u^3->iJ CjLu_uL_uI 



dlwTU 




: Juuj £ 4-LTe.LPJ 4JI (_yic.J JtA^ta ££>Jl*-1 ^_iJ V jj^a (_ylc A^ 1 ntlj ^\l ,^.tlj £ <> Jl>-j 4JLI Ju^><JI 
(^yic SjjLUI 4_ijjJ,l 4_iiLjJI jjlj^=JI (JjjkLl! (jylg-tl i—ujJlIIIj (jyj-^-!! <-tL«2U LaLtJI 4 iriinji,! ^ 1 1 n"< 



CjL^>-jIlL! 4_3fc_UJ aLiI'i-I^VI lji_& (^yjLjJ 4 jJ^JlJ! (_35-^ 4r 2^3^111,1 4_l1^XIj A-lLoJIj 4-lLSHII lJlJLLdjJI (JJLiu 

(jjju (J nail) t^j-ia-uJI AjJiUJI 4 Ls&g f-^ 4r- L ^ J'J <»" ' "^ ' (J*" I - " ij'- <1 - 1 ^'li fd*-jL) tcI i aJj «L)l_i-ifu isjJS Lr^-J 

■ Lg.1 ;^ LajLSlU JjjJI i_al <M (JUj 4111 

4 a J 2j 1 1 4-JjjJI i_ijL*TiJI x_« /j fljJ 4_uL>ijj jjaJaa. tlj^LJ,! ^JJ ^"' j a-lu-i^ojJ <LaL*J! Sjlj^l CJaa. JiJ9j 

4jI ua.Lia.JO VeX^— . « J^jlII jjj-'-'' '** tHalLa Ly^ 3 ' **" ' ^->J^>- 4.LqJLg, (— ^lIL-uI Jj^j ' <U-Uj_Ll!I Tcal^iJI «.LL) ^_ 

«J_l£=jJI (JiU-i i^jJI 4.ilLajJI 4-ilg.U j-uLtll jIJlC.1 f-jj-iftMJ £_ a aiaj«j I oJJt, C-Jilaj Jj9j £ 4jI ALalLa ^^lITl! 

j _33- i - u (.P- 4 - 1 ^^'-^ La> ■ (jL><J JJ' : ~— ■ '"'"' ^yic L^ji-Jj ^_J-UUlII J-fllLG j| £4_UJjJlLJI ^uol^JI f. Ljj ^_ i-LuiLoVI 

(_£Jl!I (jt JUj«JI xSI^JI *_a Ll»Ll!I 4jJjJI Jj^ljjj d^-pJ <jA4-t' VdJ^'j 'intl p-lUTlU ilaLtll 4 irinijJLlj J-q-tJI 
j"'^~~ »l /yijjJj py-aljjjj 4JLoL^=lLo a >Ja-Li AjL^III ^_ (jGtUI <?Jub r-j^ejJ (JjulII 3_9-" ' uialLa sLiisj^j 

.'UuLu J I d'il ilU". a J^jJL>i_! A_ 4_L5Lfll 9 J '^— >| J 4 JjUlJI (jj ) rl \ 1^1 i^."tl 

IjuJ 4_aj^>L!l Cj 1 j 1 g U i >l i ■<"^-»l 4_Ldj^3 (JjLjlu ij^jjs. CjUljoisj^a 4_ildll!l CjLtl^aJLl 7rLTu! I ^— » J 1 1 ^— J a 
j^l «dJI jj^a (J^aG 4_ljJjJljJI 4 uJL>J| OJJk (XLiJlJ (j-U « ''-^" (jr^J ^-4>mi J 'J LaJJ p J <a ualJ <Lal_*JI 2jl J^flj 

.cjIjL^XI £>JL<k i—iL ■"^— I ^^i »g (<uiji3 (_p.II (JL^aiji^lj cjI S-uial!lj 4Jl t" i n^Lij 

£_£-Lre.a ;> jttji ii 4Jl tijLiis^jj 4-itkj IX I j < a (j '■ LLaj ■ oX\ J LbjljLC.1 (JLc. (j'^-a-J'-SJI j3^j-i (jl (J I i u » «dJlj 

.^jJI 



w-ALIJLI jj^Iajj p j i L^aHJ A^jLaJI BjI^VI 
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f&uJI jfi A«JuU 



\- \ 



S p' : — ■•*■"'! /_?■»<> La 1 - 1 - ) 
( _ y £.l LuaJI LULc IL. p^-— Selll A^uJlIAj ^y^aojLajJj^l p ^-— — "^ ^j'^Stl Lu^jb^l J^^- u-ll (j i n^U Aj>-L>-^ 

4-t>.aJaI^3Llll Cj Laj-JaTJ I Ci^(Lx>3 *_l«jv. ^_ 4 la LLa ^ p^-.-»",tl a^Uil'n .^_uoL*JU 
^j ^— » -i 1 1 (3-*3 .4" jo frlj «Ci_ufcLa lLU TcjialuJ /-^3ljjI ^j"jVI p^-.-»-"lt L&_}l^jl ^j^— > i ) CjLijj_*j «JlC i_l!Lui> 
(_£Jl!I a I kill I jjb a! i jJl^sI AJaLLa 4 La ■ ul aj Sj '.'^~' 'l^LkJL p ^~~ LSellil aLL2_) 4JU p^~* selLJl aLL2_) cJu^ju 
L$-l2 rtC'u (jjJI 'LlLulII 4JU I <>» J p^-»-»"tl i_3j_*-i j .<U| (_Lj£. ^ J ^ J^~ — ' ' ,,^~~'j"' ^j"j' J^"""* '"'* J ' J-) Ju*jj ^J-2-i 
4 L^a a ^_ p^-<-»"tlj . 4_p* jj^i^aj 4 a J La * a ^L^c 4_uLi^=a J_lj>o Cj L>- j_ie-a-i p ^— » ■*■" 1 1 4-Li.t.a Cj^L>-Jua 4 La 1 ul aj 

•Ui* '"'"" CjLtLaX. (J I n I ( n"j 4_UXJ^=> A- p ^— » -»■" ] 19 l_3 LiL) ^1 J (J-lj (""ill Jjk La 

:4_JL^I oU^=dl <>a t_JUJ1 IL. ^1 p^-~" f Lla: jj^-j 

p^~~ LSeHJl jL^>- d)^L>-Jua j| (4JL>-I jJI diljLi 2I j. t i^a ) ■x jj| At Ij ^jj/LlSJI (JjLu/JJ CjI i n->u - ^ 

.4_L>.I jJI cjljLi^L! cjL>JLl>3 ^_a «lij^>o La-i p^-.-»".tl jL^>- ~ Y 

■ (gJUXI t>a A^-jUJI cjIjLj^I ) p^^UI CjU-ji^a - Y 
(p^— • aalil 4-J.a-tJ 4-a-aTLt.l jj-al_L«JI ) 4_uL^-Lll p^— -^-"tl jj^>LLc - 1 
4-Li.t.a Cjl^jJiTua J^c I a-fatt^sJl a! ^uLloJI (jj^La />£. ^ I J jl 4_iJ3lj_a_i 4-LLt.a <U| a! 4_lL*£. A. p^~~ LSeUll ^LLaj Aj-S-i 
x-iisj jl 4 ijlUa 4_<j_l5j /-. IL>JI *_iisjJI jl 4_uLoXI 4_a_ui]| <UjLiLa Jjj^La {j£. I U-Ltl j^c. 1 kjftt^aJl I J * a .a 
1 allie-a-i 7t_uLiil (_L«-*3 ciUj Jl ^Lis^u .^jjjLlSJI ,JjLjjjj CjI i n-slu ( _j^sL>JI «.j^>JI jjb Ijubj (jlap^a 

p^^-»"tl ALLaJ Cj^L>-Jua J ^— ju 1 L4C.I3JI 
(JjlAII Jj r-Luu aJJi^ta 4_niy Ljjj 4_Lala-La CjIJ2^L«J L*-i3 a^Sjj Cj^L>-JlII J^~* j p^-«-»-*itl jL^>- i. m - ^" ' " ; 
.Laj*-z ^jIluj I -i^~~* 4jj=a_iJjjjL : uk jl 4_uLa^ T u jl <Luuj-^J=a jl ^ J^-'J )L^= Lj-a CjljLil J^— » ■"■ (_yic.J ' lalLaJL I 
(JILa p^~~ LSeUll jL^>- ^j^a 1 ) alLaJ, I ^3^(1 CjJuso CjQ^ta (j^ ^jL^ 1 (jr^J p^~~"- ' jj-al_t£. Jl CjljLi^fl J^u^j 

. jL^>- Jjt i"il ji p i n-v. tlijj^so jl 4j|^j 7tjJ2 ji (JLaJjJ 







i_ilf I £_ .x-jljJtl SjJlS j ^^^~" '/'^ ^~*^^ ' ^-^.'J j^"" 1 ^ :2jJl2JI (J-aJj p ^— > ->" I ! 4_u_uL_ui ^J-^ 3 ^^^-J cjJl_Ltl> 
(j\jus Jjj iU"1 ( _ T irJ.I <i^jUll ^JlJt" i nl /t^>- (3-f==>-lj 4-t.aTLre.a Cj^GJI Jjjj >l JLsr'n ul ajj 4_djLflJI d)l ^^ JaUll 

jjj-LaJI ^j-- (J.^* 3 ' CjLal i .it SjJlSJI JJL) x-jIjjjJLJ ^j^— » i ' ^LlLa L^JLa (_)^= t — "j lima CjLuLsoJ /yic i_3j_tijl (_o.j 

j^jjj a ^" 'j j^~* t5j-*^' ** ' 'J.' J i '""^' iL^aia diLal i nt «jJl2JLI <JJiiJi (jl i (i <"* ^Lij u^"""*^ ,d -^~~'- ^~* -^ 

jj^a (J^jj/I 4_Lkai>. 4^=jj>- *_j|ji,l sjJiJS CjL^=j^ta j^jjj .(jLc. - *-J1jJtl SjJiJs) 4_uLa_a_i_Lj| CjL^=j^>Jklj 
Cj^UJkl 4- ^AlTtJeJLl Jj>LaJI LTV <-3>Ll>^1 aLclj-a p^=u>o -LLaJ jLlltJ J if L.A1 . Aj^ajj L^jljJ, I CjL^=j^>II 

g3l>tl3>£i- \- 1 

S Uj » , ^ 1 1 *-jlji,l ,»ljiitL-uL) 4Jsl Lai! (JilJIj p^~~ ■->"^J r'LliJ^fl x_s (J^oLijj (_jJ-II W^^J *^~-"'^ (jyJli *-jlj-U 2jJt£ 
■j£. i.% i"il_Lll iiaJi] | a *_jLU . U« ■>> (JLc- ' j^* '"'"' 4r- J^-4-*3 4_^=3ljJ jj Ji_uJ I j 4,_uLa^_uJI p^~~ LSeUll a (J-ti i""itl 4 <a laj | 
^ysj djSj iWlll 4_u_ujijjjl '"'' aa-la-lll A_ ,d -^~'- ^~*-^ ^'j-^ tilj^tli-i fJ-Sj (jl ' J *^~~' a ' (_jjJ'j . U « . >» 1 1 tiUj 
ClL^Bj U J «Lt>-jlIlj -xA£=aX\ 4 aJaJlj Quail?! CjI Jl»JLI j «^IjjJIj Lt^a-Jjj Jl-IjJ I ^...l^—tl <_<JLJi SJfLal 
4_i^3L_Jaj JljJ I j LuLa^-ilII 4 -i Laj^l 1 t jj^il IJlJ 1 i'nnljj IL. Jj^l 4j*.jjJLi I ' -i gJ (^JlIIj ' »j'-->"M JL^J IL. 
^IjJtl 4-liajj j>^J 4jjl_Laj « j * i aHJ I CjLlL*£. A_ p ^— » ->" 1 la « j * i aj 1 1 ^j " ^— » a (Jjjl i"i" ^_ S_L)JlC CjI ^^ Jaj 

CJIjLli ntl «-J-a->«J 4X.LLli3 A_ i <n 1*^—1 x^ljXI 2jJ^ (JjjJlLujJ .r-QJ^tl i U^ U-v. CjLlL«jC. (J i nl i n" ^ |<|^-i->-*lla 

.iLiiirJI ' - ' I * ^-» 1 1 J flj^a.2tl i M">aa 
(Jl at" i nVI (_*jLfii]l jj' 1 -*Ji-l' O' ^ u>1 - 1 ' 4-iia-tJI 4_l>-LLII ^j-a *J *^— < ] t 4 I o t" i ntl xjljil ^j^a JtjJmJI J_a^>-J (^J 

*Uaj' ^ o , „j oj>JLi J^wu ^jJ! (Fluid System) ^Ul r LLaUl^ Jajt.MI *!^J! j oj>JI :Ua 

(_^jj| p^-i-fclJI (j| 1 o^— ) . ^La^jj AUaJ ^ a i nj Jaj 1 1 '<~\ t, I *I^JLi J-aJU i^jJI ALLalll j ( _ r ^ajJjjjL : jjb 

i- a ' nj ^La^aJJ a! Pi I AjLjr" i nj ^gJJI p*^-— i *^HJl J > _ / *-— J'JJ '^. p^~— "-"*' (, a ' nj (_, ^—i J I JJ Jl-lA a! Pi < aJlJt" i nj 







Jsj 4- 4-aijwti^ij l%jLl^xi ^ijjji 4- ^-^^ (^ U^W (Pneumatics) (diuU^l) LpU^l i_3jju 

:A_lIqJI 4_u_uL_uVI *ljj>-VI jj^a j^La^jiJI p^~~ LSelJJI aLLsj Oj'~~ '"" ■( CjI i nTa <7c_uLLa ) 4_l>-jL>. p^— ■*- ' 

* I ^J I dajLuaJ iUf Lis . \ 
'-"•I iJaJI (J-iJi '"<"t *j ■ >3 j J ua o^-* /—i I 'j J^~~' ' ! ^j *-" . Y 

JJ^JlJI 4-L4^=j JaJLtJaJ I 9 ijLsoVL) p^~~ LSeliil CiLaLa-uo .1 
Jt£ (JiLifu 4_Lc /tj-y <*>£■ jl ^^-^/'t*^ ^ SjJ9 Jl JajJuJaJU s-I^JI AJsLLa Jj^cIiJ (liJj^t/i) ki^^ta .0 

4 ii I" -!&X I p^~~ LSellll ALku «.ljj>.| ^j-u i Laa » i ja I , I *'_J^J' J-S-Ll ^_)iuia I jj>- J <— t-uul .*\ 



t/_ L La I g-J-4 j^= Jij J 4_i£.LLu2_!l CjLlLojlII Jj-a J-lJutJI A_ ^ 7 jLo^_uJI p ^~~ LSeHJl ajjtli 

(Clamping) o-uinil • 

(Shifting) juai • 

(Positioning) £-^>tl jjj^»j • 

(Orienting) <l^->l!I • 

4-Ull ii,-itl 4 juJu l\j jj-AJ' CJUXtxIaJ _ i_J 

(Packaging) v, r -\\ • 

(Feeding) ^jj^i • 

(Metering) ^L^Jlj s^mi • 

(Doors Control) obl^JI 4. r ^~-.ti • 

(Turning and Inverting of Parts) ^kni c_JSs • 

(Sorting of Parts) gUstl j> • 

(Stacking of Components) *l>».Vl <_>^j^=3 • 

(Stamping and Embossing of Components) *l>».Vl ^ • 
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:<J-La (Jjt i'iIiI j » jJuAtJl Cil jl nf 

(Drilling) c_^ijl 

(Turning) ^LLljjJl 

(Milling) j^l 

(Sawing) (jLIHL ^kUI) j_j^l 

(Finishing) c_^iHl 

(Forming) Jj^ ,v<tl 

(Quality Control) s.s^>Jl .U..>, 



4.aJlJei,l 4_i£.|_L<^aJ| CjVL>J,I iL. 4jjLa_4ji]| pfc»;tl CjLal JlJt" i hV SJjJlC LuLLilaJ 4-llLa I (^jju 0) ^-»-j-ll 
j « j ' i •->" 1 1 IL. (^La^jiJI p^-.-»-"tl *|jJtjj_uV (j-dlila jlj jt^j Y~ ^ j \- ^ jNl ^— tfuJI .o^lcA 2j_a^=jJ,l 
l_£j^a s-1 mi<Li (Jlilil I JliJi ^_ (*J-2j J ' J LuaJL I s.l_a-JL) (J-iytJ J_jj_oj 4 *^— » a (JILaj ^ ~ ^ J*^""* iIJI . -lljJU <Ujl_La 

P^~~ •-►"^ ,»La_U3 (JjJLAj (jyic *L-U 4_JjLLaJI (jyic. 4 U Mill CULAJu} I pj9j 4*<ljU , „ S J\ *j2~U . 4 U Ul 1 I 7C Lj I U (jyic 

<7_La a > 2jj J Z S'iIjU , „VI ^_ p ^— i -»■", i (_£JJI a! q L<aj| JJL1I1J < 5^_<IiLi-a 4 U i"itl C^J-UJ Jl*j .AjJiJL) a! LijJlJ 

Jl*j o J-tAZJ < 'j I la ' , I (_^_^>Ji.i ^j-a uj^' "°j) ' '' '' ij i'* J-"-*- 1 D"*-*-" l3 "T* ^ '^ ,3'i^-^'' 2l.il z*- 1 ^ 5 ^ (*3^ _3 3^>-2i 

)«_iLjj (3^J (J J* <"i"tlj CxJ-lUJL) |>j 2j (_jjJI '" J ' ' (j-ujl-^=3uaj CjLaLa-x^s (J^^>- (j-« (JJ + <""m '"' Lu a-£ J I JJJ 

2 <j I U 1 1 (JLa^i VI JLxiJj ^j^a ^j^— > i < 






ftSM uUwLwi 








(j-djslj (jy Ll Lgjujjj *£a *u ^ i njlj JJslJ 3j^ jlj^>l >Jl2jj .-iljil <UjLla £_ ^?liLa <j-uj Y~ \ J^-i Mill 

(J t"l l"l" ' I I La 1 1 (■ I I rl~>- (^-^-J-^l JL>-I-I (_J-uLj/VI |_£j^>Jkl (Jj-iSJJ .^J^>Jkl (j_0 4JL-3J L1T1 n" jl *_3Jijj 

•(j? ' "J*j (_,(jj>j^ ^Lua (J^^>- (j-a l^j'^ ^ ,:: — i-fclb j lLsj < 1 >i t, I s.l_£-JL) (j;j^>J,l iJLajJ 4^=j^>m 4-JljVi 1 nVI 











Jsj 4- L^al jl^i^Ij <%jLl^JlI JjIj^ji 4_ ^i^tjj aIc L^L Hydraulics (L^a-Jjj jl^JI) LJjjj^l <_3jju 

p^— ■*- ■ CjljLfuj (3^_J L^J p^~~*'-"^'J Sj-^a-^lj CjIjulIIj i.t£. LLuaJ I 4-qJa ) »> (Jjj mi"! L^TlAc Lua-a j SjJiJI Jj^aoj 

jaaiajjj ^jLo^lLII x_« ) _ / ^— <^tjj LfrJI p^—* -»" " .alJaj CjLJ_^=3l« 4-1 1 cujj .( dil i n-ra <7c_uLLa) A_l>-jL>. 

.OjJ-JI ■»■ '^»t ■*-»• '^-l ' (J J l"l I n \ . u<- 1 iJaJI (j| j-tC iJ^Lcl 
tjj-U-uLjjl (j- 1 a * i a (Jl 4_i^a_u aj Jt-ijJ I p la Lll p i •■ 2 *" 

(Stationary Hydraulics) i^liui ^^jtjjj^l ^JaUl 
(Mobile Hydraulics) i^j^ni ^^-.a^jj^l pJa-Ul 

p^— ■*- ■ 4 -i lajf LJ jj^~~ ' ' '- a LuLC 1 J (J-2- 1 ' J **" Jl Cj^LstC 3j^ i^avSejJLI 4_^=3_lJ jj Ji_ijJ I pia_Ljl i_l!j_3ejj 
Ju»-lj jt^— • a '£— 4jjLj (, 2 j" 4jjLjJI A-t^aijJjjjLa-JI p la * ! I Lai .Jjt miIj »-iLi^ 4* *-.'^~~' (J** I J Ji + Mi'tl 4jjJj 
4- ^^.^JJ LtJI pJaiiJ mJjaI CjLoI Jiitl<-ul dJLjjb (jl I -i^-— -TrLjJl Jaa* (^Jx. 4-L.t.a 4*JaJiJ Jtlc jj^— " (jL^a 

.(Mining) ^juoji j oL^ 1 j <4>^ ^j.y i o^u^ 
£bl!dl ^L^aJjjjL^JI pt^;tl .f 

(jl x_a iJ^Lcl »jj^-.*t 1 1 (^La^jjJI p^-» sell] I CjLSjjiaj O-iLlJI l _ / ^— '.^JJ '^ r P^~~ '"-"'" CjULuiaj 4 i mm 
jljufc (ju i_3>Ll>.| (_l!Lli4> (jl d~ia. <— l^llai, I p^— — ill 4-<-l,lL 4jilajj CjLLtJalll '2- i_3>Ll>.l tdLufc 
La-J (j> LaHJl p"j i » (CjljLiJIj (JjIj i uji ) £y allied £* La ■ uaj (j^La.t.1 ' o J ' j '~ l 1 p-^a-stlll (j-« (juijjJI 
w-ajjJJ ( _ ;r aJ9jJI p^a^clll aUaJJ J iu mm SJaljjj*. 4 '^— a (jijj V - ^ J^— .'j.tl J.-.At| Ij^j, ^- Laa-V 
(j^au<jj <>t.-^vj (j-LLL^a-JjjJtjjk (jGJljJa ml (J^L>- (j-« Sit mi 1 1 J 2ju«JI C^jIu JliU.1 Ijub i^- ■(C-'-NC./) 

■L^s-JjjjLufe (spindle) ^jJli jIjjj j 2 juJI r jL53 ^_ ^^-.^iii 






ftSM uUwLwi 








CNC aliajj J t" mi" iLaljj>- ^'^— " V - ^ <J^=iji 



aJlSI'u 4 Ijl LaJI (_ylc LjjJlJ 4 U i*iill Ct-LiTiJ Jut-l .ajL>.lj I-i'iljU , „l Cjlj J. 1 ^ -1 ■""' 4 **— i a 1~ ^ J^— i loJI (j-UJ 

4 i-^-i . Ijj 1 . A j'JjU , ,,l J^Ljfc .j.3 4 U l"ltl CjJJUi ^j^— I 1 ' J L^Li^Z3l£uTiJ ^ c^-ijtjj 1 . 11 j'JjU , ,,VI ^j ,, ,-^— , a 

'" J ' ' ilv° - Lj - )ut -" (Jl o*"i i iiLl 4 U i*iitl (j^LflJ (_ylc e JlJJlC J.'^~~ ■ ■""' CjLlLulj aLuLII ^j^— i <a ' I -i^~~* 4_uLJ 



t 



n 




J^^ 1 — -■" ^'^— a i - ^ J^ 1 — ui 






ftSM uUwLwi 







cCjUa^LiJI L^JLaa 'LujJ.1 Cilg.1 ilnVI (JL=ta A- (* ^ r " ' ""j <aJLl^HJ! CjIjulU p La ' II oJufc ^ <i 1 11" 

.di!jLl>-JI ' '"-I a i uVI '"'I s 'j' a J <"il <\l a < 2'il , „j ->.tl <-il ^- ,'^.a 
da-->- p^=u*l!lj J J* u,i"<tl IL. 4-L^3-JjjJi-iJI 2 pkWI ^^^JLc J_<Claj <*J_u2J ajuta 0~ ^ J^— .'j.tl ^_jj 
(JJLifol! ajuiitl ijsLlaJI j.ii/>a < LiL>.2 i^jSllu I i ^— i td)UI aia i •■ VI (Ji»-I-} OJJ-JI JaJLiia j-^J-i 



■VJ- 



1UI 



jii^qi 




jjLa . UU.^'AI t JjH ^Ij^JI jj^— Jj JjUUI £- -^-laIHo ^^ JL*a*VI tiL^sel! ajJLc ^jl j-jJ3j3 j ^ >\l ,^» 

(JJ3| LgJI A-uLa^-till a fc. iVI CjLuLsoJ i j ) -A ^j*— d .JjjjJI ?LuI 4 j-r iii 1 ill (_^aJl Lflj. j g LaJ 4_uLa^_uJl 4 q U ixl 
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4 1 1 i n) i n 1 1 
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4 _ r lc SjJlSJI «_S1 aJLl (j a i nl (_P-J'j CiljLiJIj (JjIj i nit (j njt La-Lu 2jJi]l dJj j_uG Caj J^— » ■""" ^_ 2j.LU IJoJ 

.4_l»-jL>. ,_£aJ9 (^Ij-uLj Coo ^^JLa VI J^— iUI (jr Ll laLL>JI 

(JjI mil 4_l«J= (. i ui>j s-LcjJJ 4jln mil *ljj»-VI (j-a s-IJlLiI Mjalijvj (_£JJI *LcjJI J^~- ui LaJ-lj. (JjI mil Jj*jJ 

/<sj*j»J Ljl i na Laj*j»- 4J jj^~~ '_' (jyJLlILi J s-LcjJI (J^aL^a ^_ j mi" m 4JL9 jLiJI Lai .*LijJI /<sj*j>J 4 j 1 nitLi 

.4] i^jUJI eLiaJI 

J^— aj ( ( A) 1 L&1L1 4jJj-ojlJI 4j»-L_uII 2jjvj ( _ ;r Ll 2jjji,l (F) 2_oJL!l 4JLi (P) .Ul.^t| i_3jju :uaJLuaJl 

:4Js}L»JI (j^a 4ol i n-fc- 
3 ail I 

lPa = 1 N/m 2 , lbar = 100000N/m 2 = [Pascal, Pa] :^ ,U;,MI s jl*j 

10 5 Pa 

IN = lkg.m/s 2 [Newton, N] -.^jt s_a2Jl 2 jjvj 

2 

[ill ] :<_,_& 4jvL-J,I ajjvj 



t/_. L I aj=3 LlaJLuail Ci Im-l*j 2 JlC c!Lut> 

*!^Jl j^ ojj o^ ^LJI 'Ut.Ml j^» :Atmospheric Pressure (P am b) l5^>J' <U;<MI - > 

t_gjl i ii ) (jj*_JI ?e-La-i-u Jtlc ) ^jLjaU i_£jj»JI Jajl LJiJl j (_p3j2l ?eJa-m igj" i u a Jtlc 4j>»l i nil 2Jl>-j (_yic. (_£jj»JI 

(14.7 lb/in 2 ) j£A»&\ ^U^Lj (1.013 bar) ^1 (1.0332 kg/cm 2 ) ^ j^jJl <>>u^ vv 

.(14.7 psi)^! 
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j^» j -.(barometric pressure ) P amb . ^j^ajjUl .ki.Mi o^ pl^a ^_ ^^>Jl ^l ,u;,;> ^^ni 

.j^t-JI ?e-La-i-u (_lj i n i a ^j^l ,j'^~~' II <-lUj (_pal fl^JI jl f-LflJjl jl JuLa x_a 

^ JloL>. ^j <jikil jrt.^ti 3^ (j^rt^ti .Uj.mi :( absolute pressure) jikil .Ut.MI - Y 
tyk. uru^a jLi j I JSLJ j^tj ^ £3i_LJl .Ut.^ ^ j : Gauge Pressure (P e ) ^uxi ,U;<MI - v 

i_3j_*J LiJLa 'Llj-C ^j^— » i ' 2 J Lajlj (_£jj>JI *'_a«J' LJaJLLa C1l--vj (j"'J* \ Lu2j ;_£jj>JI JaJI LaJI i_3^L>- La ^eJa-m 

.((j^^LajjLiJI) (_£_o^><Jl LLaJLJaJI j Jj ' ' * ' a * L^- 1 i3j-^'- i (j-"i-*JLl LLaJLiajl 

(l_£jj>JI LLai LaJI (-ic IJljIj (^Oljtjlj (JjjLSII LLai-uaJ I (_ a i nj j A.^tl ( -^_ a (jyicl (Jjj-aJI O^ 3 'M 

jjj^hi LkJLLa jl 0l i,„tl LUiLiaJl ^ o , ,,/«> jrt.^ti <>a jiil <jL^= I i] Lai Excess Pressure (P e >0))) 

.(Vacuum Pressure (P e <0)) 

(Pamb) 1^1 J*i^1 + (Pe) o«U1 ^i^J! - (P abs ) jiU! cki^l 

.0 bar (jj/LHI j fljuaJI ^gjl i nj *lfcJI (j-« LaLjj pj-O-a s-^J-J 4jJL>-I jJI (jljJ^>JI (jy lc tiaJLJaJI (jl_i Laic 
(jj/LHI LLai-LaJI aJlVumJ ajLcj ,4-Lil .nil Aj^LUI i La j « . >■ 1 1 (j-L) i^^Ltll *\ - \ J^— iqJI (j-^ 

.A^L^ajJjjJiaJI J AjjLa^ajjJI j^ljjJI i^- ^^ Vim II i-taji uaJI ( j^l j-ujtl! I £- (Pe ) 

kPa (bar) 



^^_>JI . l-> « 1 >< u 













P ab6, 1 






i 


j 

! 


1 j P e. 2' 
j 

^amb 

■ i 


p abs. 2 





amb 

?100kP8 
{1 bar) 



P abs =DkPa 



^^Jl .Ut.MI crtJ £a>L*]| (1- QJgaJUl 
(jiLaJL I ilajl uaJI j ^uLoll i La » i a 1 1 j 



^ ^ 
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<>8 jj^i ojj o^ l > iLJ| .Ui.Ml j^» : Hydrostatic Pressure (P s ) u ^mI-,,,jjju,JI ,U;,mi - £ 



.[Pascal, Pa] 
.[kg/m 3 ] 

.[m/s 2 ] 



[m] 



P s = P- g- h 

/-^sljju i "jj Lt«Jl lLsji iJaJI :_r s 

J5LJI ^l!^=:p 

ixiisj^?! 4_uJL>JI AJLjt£. :g 





. /.OJ Cm ;_gjl i nl <j| jia i ■■ >l <L>-1 i ii a .2Jl>-Ij <Lg-»- (j-a lUU bar j^gjl i nj ilaJi uaj 4J| jia ■ u| Jj)3^ 



P= 100 bar = 1000 N/crri 

A = 7.85 cm 2 
F = P.A 

„ 1000N -7.85cm 2 



:J*1I 



cnr 



F = 7850N 



\i 
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tYJtla 
. 1 5 000 N 4jjj U^t>. J-<^>o *-3j 4 uala 

S75 bar i^jL^j i^ljJI 4- j-sj^.1 <UiiMI (jL^= I j>l aj^IUII A ^...^tl i^L_^ ^a La 

F= 15000N 

P = 75 bar = 75. 10 5 Pa 



A 



15000N 
75-10 5 Pa 



NnT 
N 



0.002 



A = 0.002m 2 = 20cm 2 



4_3.L^_a ^J_a-ul J^L^ t (seC.) (j-aj a Jo-j 4- m C^S) £^' <!>* ^i ^ l5>^ Laju£. rJjSjLi]! Jjuua - 



Q = 



m 



txp 



[kg/m ] 

[kg] 
[sec] 



ialii^=JI :p 



A 



t^jLuij V(m/s) oLlk-JI 



iCjjji 



>r 







(Continuity principle )12U)l>uttVlijLM Y- Y 

Qi = Q 2 

Ai x Vi = A 2 x V 2 

A 2 ' 

ajLUJIia^ T- Y 

(jjjLaJ ^J ' * f^4 ■ Lh* (j" ^^^-'j a. AJsLla ^J) JaJi iJaJl 4J9l_La (Jj^cjj aj-Sj 4_uLa_jjiJI CjLJi aia i ujfl (jV 'j-ts-i 

.((LjjLj fj S ■_' 4J_jJjl>s 4 a j la * a '£— iJsllaJI 
.~il*iljU,..VI a^2j ^..-l>- ilai tiaJI ilUaj t _ / ^— jjl ^— .t] ,1 Jiu.it! ijslla 1 a A Li4> lililtJ { Jjl\ iJsLLaJI ^ I ^— .~..j 

fy^a-ul^ai-La Jt mi Jl JajJuJaJJ *I_^JI <4- ^aJLuaJ I ijslia Jj^tl) q ujL^s Uj 
<L>-1 i nU ^_ i La-i iia.ll <_)j_iis jJj^sL*. (_gjl i uJ <j| aia i u| (j •\'^~~' a «L>-jl Jl>-( ^^i^- i La » i ia 1 1 />£. 4*< i*iil-Lt I "SaJijI 

F=PxA 

F[N] (^)*j2l\ - 

P[Pa] (ji^,„b ) ,u;,mi - 

A[m ] (^Jj-aj^a ) A^LUI - 

W[j or N-m] (ji* x ^j^) lSj^ l£ ^ s (<!*■?** D SjL ^*> J^ 1 

d [m] jjJli « jljw^j F Sjjui l^j o%pd ^pJi iaLJil 

W = Fxd 



S i 






ftSM uUwLwi 







£l}Lttlj0lj* i- Y 

^Jb^aJ («^^>Jlj lUti^itl tjru £a}U]1 (Boyle-Mariottes Law) ^jjjU j Jj^j o>^ u^*j 



Pi x Vi = P 2 x V 2 = P 3 x V 3 = Constant 




F2 



V1 

p1 




F3 



pin 



V3 
p3 



A- \ J^,,t,tl 



:V Jli. 



Ij] «.I_^JJ " e jjj/Lail JaJLi a 1 1 <_( r.n-wl .(_ r L^3 VI 4-c-3ej>. ^j-* — J] 4-Ia.Ltiajia , Uj-s-t, I j ^a s-'j-ik ila-a. Lis 



I. iTnit 



.iliu Sjl^jv. 4j>~j_> Cl>j lLjji L^aJ I 4-iLq.g Ciq-) 



v 2 

V, 7 

Pj = p amb = iookPa = lbar 

p 2 =ix7 = 700kPa =7bar 

P e =P abs" P amb = (700-100)kPa = 600kPa = 6bar 



^e 






ftSM uUwLwi 







J <f i La » i ia I ] Luj_5j Ljal i m jjj-^a^ta x^Lo ^_ *> La 2 ) (_£l Jtlc i La » i ia ] I (jj : "clSCcll S -LclW (jl^a ml ' (jjjlja 




^j^-ijIjjJl-^JI JjlsIjJI : i Jlla 
Ju <UjLiLa j-Lt-f^o 1 <i ifeJLa-l ^jjj '-~* a L*tJ ^Vi'iijl^ . ..I ^2>-a (_i-uL-ul J' : — - 1 •"■ ■ <Ll^=ljJ jj Jl-vJ I <UlSIjJI jlj^-*"'" 

j^»Vl <j-oj^=lU Is-L^j A] j-LloVI 4J|^1 VI ^j". 1 ^ * i^Liu-a <jl Luisj^ lit .0 *~ ^ J^aufuJI j-LaJl) 

t^gjl mi Pj ^..j^—tl c.c--vj i La ♦ i >> gilli 4JLs Jj^l a',ljU,„VI ^..j^— * ^yl^, F 1 aj^S oJJlj I jj .A.2 

A, 



P.= F ^ 



R = 



A 2 -» "'A, 



Pl=P 2 



u 






ftSM uUwLwi 







:ULUI aJjUI^-m,,, 



F, F 2 



Aj A 2 

:(_IliIL^= A2 J F J (. uu>j 1 ^lila .iajLjJI iljUJ,! (j-a A2 J Aj j F2 J Fj (_il uia. ^^ 1_* 



p _ "1 ' F 2 

1 _ A 



A=^ 



r-v 2 1 j 



^>jj ^± 



J r l 



»j £u£ ;_gjl 1 n \ V2 d>-£ *J l£J 



aJL^= 



/-^3-J 9ji Lufe ALksJ a I JlJt" 1 11I (J^L>- £y* t—flutiisl aj_ifaC ajjjjl 



F, 

^ 7. 



X^ 



A, 



Aj^-.jfjjJ^I A^ljJI W- ^ J^=u 



Jlla 



fljLintl aJI^= ,-,'il^-. |j| . M - ) J^— ulII 14- 4-LllU 4_i^=_l!jjJ4jJI AjlsIjJI JU.tTu.uLl ajLu-u «^j (_J_oJLLJ,l 

Ai o 1 ^ 1 ""^ 1 c^L^= lil (juj^iti juc ^jMJi Fi " tJ 2i\ <..,.. -J .1500 kg ^jL-uS 

A 2 = 1200cm 2 j A! = 40cm 2 r^lntt^ A2 j 



:>J! 



m = 1500kg -.sjLluJI it^a 

F2 = m.g tejljintl jjj q£. 4j>JLi!l a_o^i!l 



p _ "1 • F 2 



w 
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0.004m 2 -1500N 

Fl = 0.12m 2 
Fj = 500N 




i i i i i i i i i i i 



^ 



a,: : : 



■ JL •••••••••••.•.BL^aJiJi 

l" Ml I I I I'l'l'l'l'l'l'l'l'l'f'l'l'l'l'l 



n- i j^xA 



jJjUJV Y 



7 
Ijl O Cm LjJtiaJLa <L>-1 . na «LJ| aia ■ u) (j •\'^~~' " (j-« ' J^^ (J J ' a *" t ' > j^~~' 1 ' (_P-J' Sa^JI ^^^ La IjJjVI (jJv^jJI 

.200bar ^jL^j L$iiJ j ,U;.mi o>-^= 
jjii aJLc ^L_ji ^liii j^^Ail 4 £ jliUl ^ 4jj^>ai Fi = 500N s^sil ^! ^^l t^liil 6^>*^' 

i La a£ 100N (^gjl i uJ Fj ejijlU SaJill 4.a_iJa duL^= I i] A2 ^)".'^~- U <L>-L-u^j lh«\ I .(_£jJi_l!I JjJLfulJI 



el",al",^— }J_jL_u l^J^J ol>*" 2JlC.L3 Jtlc P 



s u- 



u^j_LwJ! JajLtJaJ 



tdJlill oj>^I 



.h = 15m 4^U3jl j p = 1000kg 



L«_iS (^ La . V2 = 0.4 m **> Jl V 1 = 0.8 m «CuuS <«-»>■ o-« *l>* ' k « < \< : y!>M 6d>*-^' 

.Pi = 3 bar ^jL^j JlJ$\ ,U;^tl jL^= lil P 2 2 jjj^>ji .U;.mi 



^A 




■cvinl[) lliiipillr].cvirill pilnill nnlnllniiiiiif)nll 




(O&J uLuuLwl 



^U^JJl ^artl 







4 I pt"i i nU j-uaLLtJI I alLJe.4 j^jJij <_)Ll!I \JJt £—j 'LuLa^-uJ! d)l ^ dallll ^j^» ' (jjl i aJl J LtaAJI A_ LLaJiJ9 
^_tIiLJ,t p^~~ LSellll JjjC I La i •■ La j l_Lre-niyjj 2LLa j p ^— » Seu 1 1 *iaj J^— n-ufe pjjjjj _L*_l3 .^La^jJj! p'^-»-»-"in ^_ 
«L>-Lljj Jjj-* 3 o (*-J ' J * ' '" *L^' (J' o*" ' "' Cjm il i n j CjLuLsoI aJJLi (JjlAII <LoL>.| d'lljU , „l ^_ 

i allieja 4-jJaJtJ pJL) p3 ^JaJLis ila-u iaj j *'%^' ,_, *" (_j^' <LoJl»»J' 2Jl>-j <=. 1 _S( rj i*ii < lLUJl^= .«L*jjj3 j 
t (j-L>- CiLaLa-^ t JaJLLa CiLaLa-^> !4j^p.j] CjLaLa-i^s) Ci La Lu^aJ I J (d)l ^— >) -*■" J '" J ■ Cj^AJLiaJLI 

^_ A-aJiir" i ii U jjljjJI ^j^a 4_!iLal *_a 4_uLa^o-iiJI jjljjJI p^'^" (JO* 3 (»Ji-2j lj-t>-lj .(•••4_l*j>.j 2 CjLaLa-i^ 

.icLLuaJI 

(«SjbUI(^J5aft Y- T 

J*^-* iaJlj ^ - V J^— » ■"■tl) 4_Laj|^ltl jj-sLulII jj^a 4 aJLlseja CjLc_a-a-3t/j ^j^a A-uLa^j-LJI 4 i laJJl ^j^— 1 "" 
( (Ji^-Juo) SjLfu^l /o i ii^ jj^a Ujtj p^~~ LSellll 2jL!uJ Jj^JJ jl i n a jj-al_L«JI (j_a <Lc^aJ>J,l oJi-A J^— » ■"■" .(Y~ Y 
<- 1 1 ii ~>- (Jjjjul j-uz\lc £—. p^~~ » "»"'' ^j-aLic p ^-— » -»"" .(/TJ^e-a) p^—* •»-"" ^j-aLLc J I 4_>JL*JU ^j-a 1_L«J IjLa 

.<L>JL*_U jj^sLLc ^j-« ^ I i 2j i •■ I , I SjLfu^fl 
t^^ p^-— SfcHJI aliaj IL. 4_u.uL.uVI <~il*ij^-.tl 

Power source ;_____- 1 jj____a 

( Sensors oL__>aij ^mi) JLioVI j--->-_c 

(Processors oUJUJ.0 -_>jl__U j___.l___. 

Control elements r -^-.~-ti j,-.!:- 

(Actuators o \h^x I ) <_U-J I ju__. Lic 



n 














a J 



LAVIfc>JLt* 



SjLiVI (JS»JLa 



oliaJ! jjLua-a 




, ■ U. « , >i 1 1 p^— i "«- ' CjLoL«-i^3 






Jag. I i ^> — 



i La » i ia 1 1 p J La *" .»L«-i^3 




^^ 



s| 



-O- 




> 



® 



^-U j: ;tl r ^ U| ->U^ J^aoA )- Y J^.l.tl 



T. 
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J^WlJI J-LOJ£. 



>*• 



i^artJj! 



^jui 



(Ji-jJI JuLsLjC 






1V1 



1S1 



"-<y^ 



10! 



1S2 



1A 



1S3 



1V2 



M 

-OH 



I 



iA 



17 



V 



fl= \ WV 



T 



Wv 



v„ 



OZ 



C^ 







1S3 



SX 



OS 



WV 



X 



p ^-— ■ >< ' isj_> I JJ ), _ ' p- 1 -" j ' - > J^"~* ■ 



n 













(JjuaJI 4jjL>.| 4Jljt-t r ii VI ^_ j-tuLxLI («^3L5elJI : fjyjsr. i i h jj jju-a 
.(_^jJlJ jj I j AL4J-3 £Ia 1 ulaj (JJLdJI 4-OL>.| ol ala 1 "» j_iI/LJj J^it i*ii"tl <U3jjJa V - Y J^-* uul tlr^-i 
_ajfc > 1 11 1 Z I fuus^l\ j)J^~ ' ' ^ylflJuSgja (j' 1 -*- l ^ 5 3 f* < ' a I Jufc i-illlo-i a sl^aJI Jj3 Jij jl 1 11 a 4_L>.^ajJ a I a, 1 a ) I (J-a-tTn-uJ 
ilaJLLa Ijl ' ^JL? "^" ■ ' **T <Ujj^5j-a 4J| aJa 1 u VI a (JjjJLa 1 La a » 1 ia 1 , 1 *'^J' jl 1 na «LlS (jj^~* ' (_£Jl!Ij pjLSJI 
4JI aia 1 uVI (Ji»-I-1 1 La a Ltlai, I *'_^iJ' Jj^JtJ-i (jr' J t— t-UuVu (Jj^sjJl I jjfc ^jjjjVI *_iisjJI -- • < a ) ^jJoJI al -^ t^aJl 

(JjL-uI Jl ' djj '-•'" JtAla 1 te»-*.\l". , ,, 4J| ala 1 uVl {yi |_£jj>-VI 4^>JI Jl <— )j Laj I jl .^j^uVI if>-lj ^j ,. .^-. 1 1 Ltalj 
jjJI ^jj^so Jtlc .((J J* i""ill iiaj) i*ii) (j .. .^-< 1 1 4^=jj>- s.l_<j| *-'_a*JI 1 ^jij l^j 4J^L>. (j^a pJLi <j| aia 1 uVI (j-La-i 
«-3w|>Iu 1 11 LbJtlc _a 1 la a « 1 la I , I *l_a«JI Jj-Lc- l£' JLi^VI «L*_iisj J! „ j j a. j" I ' p ^— .-»■". 1 1 iL«j-i5 Jijtj 1 u (^ajtjjl 
(J^L>- jj^a 4jL-3_ava AJlaJa 1 uVI (jjJ ^j 1 njtl <L^>JI (jl . U>-s.V .(f'*>0-Jl iiaj) i*ii ) dJ^ujJI j-uL3 CcJvJ (j "J^"- v 

(j ,, J^~~' II ^-^-'j-' 1 - 1 f *> ' " j ' ■'' '^ ■ -~>" J ^* a J I a L»jLaJ I 



(JjLlII *jis_aJI .\ 



m 



nr 



JL 



lAAAAA 
f VWVK 



(Jjt i*ii"l I f-'^j ■ T 



t 



C 



IT 



X 



jjJI ( _ ;r ic. JaiLuaJI Jtlc .Jtiill AjjLa-f AJl_aJa-mf IL. ^La^a^u p^— ^" aj^lj tlaiaitl, VHa £~ Y J^— ^.tl ^_u 
x_a^tjj . 1 A AJl aJa 1 uVI /) ■■ j*^— " 3jjej>- (_)i>. JtJ j ^ a -»", Atl Jj 1 a -»", Atl ^^a 1 J^ iLa_j^aJ| . La a JluoX I *l_a-JI jjju 
a La-t^aJ I K^-J-i ' jj^' (j^ 1J4J-II /«-2j JlIc ^Jl aia 1 uVI cd^uj a_aS J-us aLaVI Jl (j ".'^~~' U ' ^«-3JlJ pJ *'_^' ' * ' ** 
4^tIlS (J^L>- jj^a ajLiJI *'_ajJ' ^J-J- 1 AJI ftla 1 uVI (j •\'^~~' " ^^-J- 1 J '^^hpj (J^^* - Lh° l^jL*-J' ^juisj J] 
e Jl>-Ij 4-JI aia 1 u| Jl>-jj < ^LlLa -/yJLJ (*^J Oj^ 1 «jjI jJI ^_ e Jl>-Ij aj_a Jy-p JlJI j-t-aLLsJI Jl jl ut I .J i_3j_oaJI 
i_3L5j! j (J-ui i*ii" ALaj«i5 j U^i 4^a Jti^JI 3 Jl>-j 3jjI jJI oJJt p 1 ii^JI Jj 1 ^'^ I . 1 A p_u/U I g-Jl jLfuJj 2jjI jJI ^_ 

.OS 



rt 



iuJLUI3:b-jJ! 
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1A 



OZ 






AA/ 


/VV 


1S 


2 


HI T1 


V/vw 


1 

OS 


~^3 
2 


l=' 


^>N 


1 


V 3 


. «' 





(JjLflJI 4jjL>-l «LJI aia i u| ^_ j_iI/l_La p^— »-- i ajJIJ JaJaieja £ - Y J^— » ■"■ 



rr 
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£L*Jll£ul£w 




daAll JUju^IuLuIu juLoLajI T- T 



:^_4i i la a « . >. 1 1 5.1^11 aj_L<yU (_^ajl LiaJ^JI a CjLuLsozI 



sJijjL^ta j-tC. '"'^"l^—.'J j^^~- " (J^= 4r W^*^ *'J(^' jAA? °J^>^ 



.<lL)^_L> CjLal i nt a i ljjLJ jI LLaaJaj. A_ "> la j ■ ■■ ) 4_UiJ ^j^— > i ) J^ LI I 



"L»-L>JI (. 1 1 ua. 4-al JlJt" i nlj (J^lil "LL)LJ9 CjuIjj>- ^_ i t-j LtJaJL I *'^«J' (Jjj-><J ^j^— 1 ' Od>-' e -^' 



^ga ,^.^tl aj|j^>JI 



.(_*3l^L>.l jl jl^tAjl a j alas. «Lic /^H-b z 



"ULUjJ! ;»JlC 



J 



l^mj 



.(j-«Ciil 4_o£l_L>.j_a, ' , ^' r ~^*''' ** ' j ' " ** ' * '"'U ^-i^sLuul ^j-aLLtJl 



a I b» ' 1 1 j y M (_jj , ,"( ) 4Jj I -i^-i i * , - ;'--'i OjjJU j-i£.j r-jL>JI *'^«J' 



•LaHoJcJI 



.4_uLc (J-«-C <lC^_i_u Jj_uL>iJ ^j o i *a i (yjQJLi j x-Ij-lju (J-«-C ' la i ua i la a iuiaJL I «.I^JI 4£.j-uA\ 



^LJJLij ' *Lfla*SJ| *Ua.*L) J I "LuLa^ajjJI «.ljj>-2lj CjIjJ^I (J-lo^so ^j^— » 1 1 S Ji_>j (j-«l 

.(J-Lia^vj *>-SL>j a j >a la a. Jl>-_jj 2 (^Lug-JeTi-*' 



: da j *■ i *-i t , I *I^jJI JL* 



AJJ/I I II I ll I II 





j ' • *-» -*■**' ]| 


»• • ~J •• * ~ -/If 




.Uli.^VI 


jjj \l ,^~**\l j ,<*• «.|, i^-~, ,„*y| jjj'^ 1 2 itl.tl ^j^'l i "<* 


iJJ^JI 




r 1 iXj i>> ll ^j" i ii a 



It 
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t^l^jjl tj^ajjjl 



' _)j I La 1 1 .Ui.^tl jj£. • 



<>" 



il'ij^-. 1 1 i j_ a 4 | , ..1 1 ,1 ijJJi Juu 1 La a » 1 ia I , I s-'^J' J- 4 - 1 ' "^ ' 9-uaJ I ^ J I -1 »" ■ ul ) LJaai liaJLI *'^«J' 7rllu| «LJ a-£ l_Lu 

t^LlII (JLc. *'_^(J' -il JlCJ j TTLjJJ Cju_^=uo ^jTithj .j-jLo^ilII p^~~ LgeUll ALksj ^J\ J uaj (j| (_}j3 

$.1X1 1—3^3 J^Liij 



r« 



'.LuUilSJb-jJ! 










•. Compressors ia£lj^l >- t- t 

( _ 7 icl ilaJLLa J I (iJjLc (_£jj>JI JaJLual I ) ^^ aae ' a (J^io i La » i a qjH ^L^' JaJt-LaaJ aj-Sj 4-JI j-ii> 1 Lag I iJaJl 
Cjlj La] (j^J <L>-lj2l A-uLsol <LaUl «-'_J(JI i-lag. I 9jLa .ftl^JI («-==->■ .J^J^*" ' (J^L>- <J-° tiilli jj^*- ' (<UJ ' I ig I La a 

.Lkj^jjj S*iL,^.tlj JjJijilll ^p^ii^ajj 4jjI Jjj^I 4_al^=uJLs=j c5>^*' J-^L^ (Ji ^L^^L 1 



Reciprocating 
compressor 




Types of 
Compressors 



j'j-S ' La C I us 

Rotary 
Compressor 



t Lie jj ; u- 1 1>, 

Diaphragm 
Compressor 



Flow Compressor 



l_£j_LaJ9 1 fu^aj (3^-i tiagJ 

Radial flow 
Compressor 



(_£j_jsta Jj^ Jag. I ua 

Axial-flow 
Compressor 



Sliding vane Compressor 



( jJj L aJfc/>ji ^jJ LLaeLis 

Twin-shaft screw 
Compressor 



O^JJ 



icL^j 



Roots Compressor 



.UAIj.MI f-I^JI 0- Y J^=u 



n 



'.LuUilSJb-jJ! 










:(V Y J ^-> ,1,11) (reciprocating piston compressor) ^±±ji j...^-^ da£.Lij- ^ 

roaJLuaJI 

600kPa (6 bar) j>jj^ ^ ! .(single stage compressor) iLxj-U jj-ia Lk£Lb - 
1500kPa (15 bar) ^j^ J\ .(two stage compressor) iLvj-U ^LS <±*±L±> 




Jj^a (^JJ^j (j ■■ '^— 1 1 ' i la C I lis *\~ Y j^— i -~- T 1 

( v- y j^i.i.fi) (radial flow compressor) ^jlal . Luaj 

JuaLtlb .JaJLiis AJaLLs ^1 4_l£=j^>JI *l_a*JI AJalJa (Jjj^uj .ajljjJI (jijjJI £y\^ OJ^ 1 ^^ ^dO^^ *L&-^ pjl i n"n 

lOOOkPa (10 bar) jjj^ Jj ,U;,^ J^ljil jj^« J^L^aJ! J2^ 



tv 



'.LuUilSJb-jJ! 











(A- Y J ^-> ,1,11) (axial flow compressor) ^j^ta Jjsj ia£Lb- V 

/«jj <-UaAjLa 4Jal_La ,J| 4_i^=aj_>JI s-'^JI AJsLLa (J_ipejj .SjljjJI ( _piJjJI (J"*- 1 oj^l£. Jtlc. Uj^j^ta s-'^jJI pjl i uJJ 

.600kPa (6 bar) j>jjo* J! Jai.^ .J^lj-tl -jj^^o Ja^Li - 




(_£j_<pia Jj^Ji lLsX.1 <>» A- Y J^-. .^.tl 

(sliding vane compressor-rotary compressor) i2Jj_La (_pjj ji jljj Jai-Lb- £ 

(J^a-iij vi-po (jjj>Jkl ) ajlj^l Jijof Jagae^ J^aL^a (jy ic 4-CJj-« (_£jL*^i <_^>-1-i 4-2Jj-<-U ( _>ijpl t_t^=j3 
((^jl_>JI jLLa^l) *l3^>- j^=j-a ^2>C- ' ^ I" *- ■ Jj-q-tJI j_^=aj_a jiJ^—^^J . Ja_L>J,l (J^la (jr^- ** *'* " L>^L>- (_piJj-Jl 
(j'jJ-S Ale .JjJ^JI a t-> S i ^"o- (_ i -a- 1 nil rtlaJLl ^a ^ -^ "i I '<" i i^aM Li^L>JI ciLlj (0-^>- ' ^ I" *- ' JaC I < >■ 1 1 

. cl^JI daJuus pLijjl ^_ 1 i 1 1 n" a L>^L>JI («-^>- JJL) i La C I i-IaJ I 

400kPa (4 bar) j>jjo J! .(single stage compressor) *L>.jl\ ij-** <±*±L±> - 



tA 
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800kPa (8 bar) jjj^ jj .(two stage compressor) J^l>tl ^jjj-^ lUAL 




jjjs 4_l3L^= CjLui^= jjjjjejj Jag 1 LaJl -fjjxji Juu s-'j-A O'j-*" Lr^- ^tH'-^^t!-'^' a * '■^''l ^jjjjo 

(J-«-*J p ^— i -»" 1 1 (J^L>- (j-a (jIjJkJI (Ji>-lj lT l *- <s ilaJLLa (jyic- JasLso A Hal] I <|_ aJlJi-" i oil s-l_a*JI i.iti 



r I Mil Ju^iTJI jjJ-i 4Zta»l i «a j <^-»t t > u i (j|j^>J| aj-Sj I o^- -» .<L»-I_>JI c 1 1 m~>- «L3LSjIj 4 Ijt i*ii"j i la.fi I uaJl 



i l--» <"• 1 < -~» 






i aLiLi! aLj-^o 




££>^->0^=~> 






2uJLUI3:b-jJ! 
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^i 



♦.Service Unit La jiiJUj^j T- i- T 



(JJ- 

'.^Jtj 4_u_uL_ul CjLJa^=ua <u}lj ^j-a <LaJiiK]l 2 Jl>-j 

dai i a 1 1 fftjia *"' aLj-uo ~ T 

Jai L^aJ I p J la " sLilo Tj^sja JulC ^I^J! JaJLLa S^I^Ji] 4X.L_u i ^ uaH j 

*'_a«J' JaJLo Ja-uJaJ JaJLJaJ I p J -^ '"' aLu^o ^j ^ ' .4_^aIajJ1 (j-a <j^j^>lJ j el^JI 4 j 2 ***" I aAjJL I a tt umJLI ^j ^ ' 

C>-uJ3 (jr^- J-*-*-^ L7~^ J CJJ^JI (jjs i.u_ui_La 4_La^=nj ^Ij^JI f JJ i""m CjjjJLl ^J-2-l La-Lu .aj-lLt-a-U 4JL)L9 4.q_l3 _LtC 

. M - Y J^— < iojl < tj-u-a jjb I -i^~~* A-JLlLa 4 a '^" aj^GJI «.ljj>- 21 (J.a-^3 j (J-a-*JI Sj-^^-lj p^~~ »-seIlll CjV| 



TV' 



b 

5 



=f = J^i 



jt-iij-l! 




laJLuaJ I < ' la *" aLu^o 



LajLiJ! sJljwj H- YJ^u 



r. 
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4_3ta JuO 2 J^>-^J I tjj^~~ '" I ^ L 6 J _J * ^-^ '3 * JL3* J ^- <-^3"^ I _J 7r '"fj-l I *-« ' '-" » ' -" 1 1 p ^ '"' (* L«3-i^5 ' '^'~'J~ (*J-> L* 



^ 



.OY- y j^,,t,to 





:<S! 




(!) 



F- 



M 



e Jl>- J ^ Y - Y J^=u 



Jl*j ( 3l_3_lVt^ t J-tJ mi" It 4-l>-jj ,»L«-u3 i ■ ^— <j j j ^jLo^-lLJI p ^- i ■*■" 1 1 ^lui Jj»-„L« JlIc Lij!_1 'LajJ>JI a Jl>-j 

(Air filter with water separator) (< ™ r tt ) ^U J^Uj *I^JI ^j-a - i 

4 La i ul aj 4j^jIj 4_^=jj>- ^Jl ■J"^— »j > jJj^cjj '•^p*- <*-ljLa Cjl^eHS (J^L>- (j-« i Lsa » i ia I , I *l_£fJI J4p *J3J-L> 

.( \r- y j^,i,ti) lJsjUji Jaj^i 

4_tic daj|^>. (^yic ' ytl^-»"tl j.m wjlj *_3Jj 4jj^=j_a -ij-la S^S (J-Iaj AJjjIjJI A_uI_j-JI <L^=j^>JI i>jub f»J-S3. 
<UJ^=j_U Sj-IaJI 2jJ9 (J-*-^> I J*' a N (*J <^P-^ >— tjlj ilit I I uajf 4jlaj i I Vil^-i"! I ^LU lLs^I i »"j <_lUj Ju«j .7c_ifuj_t,l 
jj) igifl ^j^a ^ — I -»" ' i>L,-l>. 7r i"ij-t,l -il^-a (J^L>- ' "9 * ' '" 1 1 1 *l^jjl jLu (ju^-uj ) o" i ii s .-k umJLI 4_tic 4_uisjl (Jl 
(<s^=l^3 i- i 1 1 ii ) 7t_uIupJI p ala J i ii M OJSjJI JJJ-* 3 /«-« -l5>*" dM'J-*-^'J *— ^LjJ^I (j- 8 <-1UJl^=j j_<-ijjIjJJ Li ■ ■<^-»T 

a *, IV'. ', a 4-JjjJs 'LiLuaj Oj.ll<j a! 4 a-ila-ij c_l--vj I jj d_iic i_ul^_<iJI 



n 
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VI J LlUjJ aJjL>J,l La}L«JI ^jIa^o ^£. I ajL^alXI *UJ «jlj oLxa ^jluJl <^VI Ju»JI Jl^j VI 



< U (1 I I t (I 



^ 



i_3jL>JI dajjjjtil 



■/^ 



















































yCm :t-.: 


: ' i'T* 1 1 


[&$ 








1 '■ '■ 


nrp '■ NJ 







7r j i~f>HJ I /oJila 



1 ^j"^-l"rU TLjLJ 



7tjijJ,l ijJLc 



3- 



■xJ) ) rl'lll n! a ( rl a 



«. La (Jj-a LL) * l^a-J I 7t i"ij-a ^ X ~ Y (J^-* caJ I 

(Pressure Regulator) ,k;,Ml piferi pUus- Y 

LLaJLuaJI) r-j^>JI i La » i a ^j^a (JLc.1 LaJI-i ((^jVI 1 La * • ia 1 1 ) 1 Laji LJaJI ^ j La " ,»La-i^ (J^-^ ugjluo jij^~~ ' ' (jl (— cJvj 

*LiiJl <>a t_JU. ^k. ^>i-Jl LJaJLia ^jj .(Diaphragm) ^Lik J>U. ^ iai^l fulais ^ .(^mi 

JaJLLa pL^jjl Jiic 1 La •• a jLa-uix <Ua ■ ul aj i_d^_u jJ I 2^3 Ja-n : -" .^jLTJI i_uL>J! (Jk dJ^-uj *-3JiJ La-Lu 
LjJilg jl i—ojjj-islll i^ela I uaiJLa i_*J^_uj_JI 4-$-»- g.1 ifoiJI tiJjjejj (iJljla^uVI ilj^u*. pLajjl Jtlc ^Lus) r-j^>JI 
/_lc (j u-Laxlll <_ ij-23 (J^L>- (j-« Ja_L>Jkl Jl 1 La a » 1 ia I , I *'_a<JI ^J-a *-3 Jtjj j (_£j^=j_tl s-1 iqiJLll *j->- 7c "' * * ' . Ld^=> 
, Uj uiaJL I JaJI iJaJI fft-LaJb I 1^-. a al a loJI dJ^-ujJI 3jJ3 •- " aj r-j^>JI JaJLLa (_)Ja^ *-"' I \y\ a\ LtaJI l_3^>Lc 



rr 






dutU 

|4&tj LJUuLui 



gUJIL&LJL&M 








Pressure Regulator 

(lubricator) c^jJtl - V 

j Lieu i laa » i ia V 1 c I ^J I » j i i""n ^ j ^ i <>t,-L>. i a i ~~'j "»•" 1 1 ^_J Lo^_uJ I a Ua-u I Cj I ja ^-— » a Ct-uju duj-l I ji'^' 

(j-a (_yl£.l <JJ Oj}JI *-3jJ tlaJLiiaJI IL. 3j-^' '^ 1 _ / ^^— .' iSj^'^ O^' 4 '^* ' ^* O^ c - t ±A* 1 J^" 1 ^ £^1_aJI 
.«.I^-JI jLuJ (J-»-£U (j! (Jj-2 (_>"J-II ^J-^- Lr*"'- 5 (-*'-*_)' t^-iL, u - L> . J I OjjJI pj^a-U («-S -f-^J Sjj-<-uLa (J^L>- 



rr 







dutU 

|4&tj LJUuLui 



gUJIL&LJL&M 



O 



a j>" L 



<jr*^J *<» 



21 AU_L3 







>1 <i i^ , a 



c5if^ 



*j ^— ■ 11 JutJLa 



tV Sjj^/Ls 



°£> 



oj>XI \0- YJ^=u 



Vi 



iuJLUI3:b-jJ! 
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; tejjjp j t I^AJI JlJLfej ^ ^d(WUiwm jj^jJI 






il^l jJj. 



<_r- 






c ^iJ- A 



JaJI 1 ia II fftj-Ia *"' aLu^> 



^^O^O 



(J 1 -^ a j-^J — A^ajLi»JI a Jl>-j - 



Ja-m-LX ^-^J — ( —*d3"^ ^° ^- a ^* 1 -'' * J^>-_J 



Ja-m-i^a ^-^J — ( —*d> j0 L>3^ <LaJu>JI a Jl>-j - 















S> 







<s> 



!® 



4juJjj j »I^JI .si J^j '4r ^U-^ll.u.U jj-apl ^V Y J^=u 



r» 







'iluU^tUl uLSjjtilj uLJI^kwVI 

JoLSj J I i_c_uLjV! 4 La i ul aj (JJi-U Lt~^ J *4H~3i"^' ** n - * A '^ iji\-us\ jJJu <-Lag I j » >» 1 1 a a 2j 

i>.59a».jJtl AJsLLaJI i iLLjIL n" i-t-^P" (j ii^aJtJlj ( 4-uLa^jjJI CjL^=j^>Jklj CjLJI aja ■ -VI) CjLL>J,I ajJij La-uJ . JuljI 

i l ia I La a (JiiL xliJJ * Jj*~^ J, *~^ J, n i^Ua J I Lij^tlJ aLLs-LILi 
CjL^=j^>Jklj dllJl aia i "VI aI JtitLj/Li AjjjIj ji ^Ldaj. ^^^— ^''1 ^— ^^ iJaLLa Jl *_j|jJU iJsLLs Jj^jjo ^j^— a ) 
,jj^~~ '"'"' 4jLaL^= (J-*-^u 'JJ-^ J ^^-."t «j>.|^jjj <LuLa^_i_L!l Qui aia ■ "VI (j_ujL^=3-a aJlSjj .^—IIjIlII (_ylc 4_uLa^_iiJI 
Jiic (j •■ '^— » -i U i_>^3 a I JdajLa I (_<-L^TiJ J_a^>- (J-q-tTn-uJ .y-^j>-^.J' Jaj i"ij aJlSTJI Jaj; i"i I a j^'*" 1 j' '•** ' (j - *-*^ '"' Cj-A 
a, Lse i^~~* (J-q-tTiJ (j-UajjfoJI ( _ 3 J-)L$J ^L^= ^_ A^Lus 4_2ia-La /ylc '" J ' ' l£j- l> '- 1 (jl <_p-a 4£.^>-j jl «LoJl2j 

Aj^jIj A-uLa^jjJI CjL^=j^>Jkl p i •■ 2 *" Sj 'j^- 1 i^J^ jl J"'^~"' *-a (J^aLtlll Jtl£. I La a Laj»a aIJio-^VI x_U 4_ulj_a> 
CjL^=j^>Jkl JjVI ^-J-a^i' is * ' "" • < ^ = w h >1 -'' 'J a" ' " a l£>^*-li 4 ^ = w h >1 -'' s-SjJ^ta CjL^=j^ta ^J\ 4^=j^>JI 
4 i mi"< /y^-3 4^=j^>JI Sj a" i n a CjL^=j^>ii! Lai .AjJJ^j Aj^jI.} 4^=j_»- /tlLu I j J a ^— - ] 4-i.i.ipJI jl 4_uJljJlLJI 
.<LuI_ij_4^=l!I SjjJjJI (j-a VjiJ f-jlj-U 2jJl£ jjb iJaLLaJI jjuua^a {j\ jjJl. 4_uL)j-4^=l!I CjL^sj^sJkl 
jj^a J^— d f.\ lax. a (j •■ '^— » all Hj^J (J "J^"""* "J **. J ' ' *i$ JJ ' Lh ^tP'-^^t!-^' '" J ' ' Ja-m )] ,jj^~~ '"'"' 

i_3_ajJa (JLc. LiUj ^_ A^aJiir" i aJJ jljll (<ULa-»-aJJ jLll>-I J-a^JUa .4_lLlIj (_JL>-j (_1j i nil! )«_llj^aj l^-^^* 1 ^ 

<j| aia i "VI L&JlIc aJlJt" i uJ (jjJI (Jji )*i"itl 

: (jr Ll IjjlS jj^— ""■■ J-«^a-l!l I juk Jl -i^—l (^yic *Lb 

«LuLaaoiJI diLJI aia ■ "V 1 p^-i usuj] a 4_lL>- I jJ I Cju^^=l1I i a La a ~ ) 

4_uLa_ajiJI <"<l*«ljt VI £yj 4-flJlkI,l f-l_aJVI ^^ i_3jjl1II - Y 

'" J ' ' Cy 6 i .1 ^'j- 1 ^' (.^aX- A-i^-l^s i a La a ~ V 

4Jjj| jJI LuLa^ajlII Cli^a j — all J-a-StJI ilxflj^aj fl^ajVI (jr Ll i_3jjl1II ~ £ 



rn 













(Single acting cylinders) JiUlltaLrtiatfyktfVl >- i 

Jl>-I_i (Jjj-ajjs S'iIjU. , ,,l (Ji>.|j jj •• '^-* " (j-a > jj^— < ""j c^lLJI ala ■ ajl f"'j->( Jo-m jl /—A (JJ«-aJI <U-}L>-I AJI ftla ■ •■ *' 

(Jji>.J jjjLj CaI LiUjj (Jt ilit I Jajji ) i U5*3 ^Jn'itl <>L>ol 1|_ SjJ9 (JJ^J (j-° (J*^^ ^- i ^- 3 "' AJIjJa i "^1 ^j 1 ^ i -y" 
i_d^_ujj| Jjja j| A_ujL>JI tjjj J-<jl-J Ccjvj Jj LuLa^-U (j "j*^-* II f^-j^pJ ^( .plj-aJI "4^1-J ' »3J LuaX I *'_^-t' 

.plj-itl ifvLJ 4- c>^=J>l (jr^- *L^' JaijLa (-jLiii JUC LiUjj (HjjJI 4-p-LJ) 
4-1-U3J «.ljj>.| i. ,-r i ii ^j^-— i ' 2 4JLb <paJ»-jJI ijJ^jjj ajJS j_uG CcJvJ j-JL-aVI 4-t.iiyj-a Jl K^-J-i ,_; ".'^~~' . (j^J 

Xla i ul a J J t i1i"j (JLJO^/I j x-3jJI J i Lai uaJI J i_3Jl2JI j Ct-ulill I CjLjJU^I '£— JaAJI <U-}L»-I Ol ala i u 21 Jm"n n" 

.L^-j-ILllt' £yt 1 ' ■"' fl 1 1 ^- Lljua iu^juM 1 i^-— ■ t/T /, Jj^j" r*' <> '^ 
• >t yk JaAJI ioLvt i-.lMjt VI c-|_op| 

( w- y j^-,,i,tl) (Piston cylinder) p^a^j iil^k, 
t^j-Jl oLLui 4. jot- m" :(u- y j^iiiti) (Diaphragm cylinder) *Liiu m^ 






j ^IjUiii>u j-^i Ujl^s ^ -.(Rolling diaphragm cylinder) Jul* ^liaj ^tjU,„t 



» 



>jJ' 




J*iJI Ljkl iiljk^t W- Y J^,1,tl 

Single acting cylinder 



rv 



'.LuUilSJb-jJ! 










» 




f //////////// /■// . y / / 






^-lUJI *-^J-!1 




Diaphragm cylinder 



(jjt i~"iii ?-j^>$ 



(Double acting cylinders) Jaill *LuLilM uUljWtf I Y- i 

4 La i ul aj (_^l i LuLaj_u Jt^l^pJj AjJijJ 4j| ala i •■*! ojufc (jl .,jjui]l A_uL<j AJlala i ■■' \ Y) J^— i uj!\ Tciisj-l 
^LlILij i^^-^W 1 ^' N "~~ l (j-« (_Jj«-aJI 4-JjLu AJljJa ' "^ ' la a ♦ i ia 1 , 1 *I_^«JI (J^*"^ *•— -^ ^ Sl^ *UiJI ' *a * ' ^ 
Sji i_JJajj ^"Jl Cj^UsII 4- J^il 4-uL£ .-.1'iljt Vl J +", , „" tiiljJ .t>ui>UoV1 %^s 4- ajJS JjiJ I ^ui 

Qs-1 i n a (JjsL^a (_r^- *'3t^' * ' '"' C ' * ' Jaj-ilu ) (j .. .^-. 1 1 pljj 7T^>>- s-Lul (_j-^3 .s-lj-JI JaJtiis I golg ^pl- 1 

Juu (j .. .^-. 1 1 -^ U , ,, rj_& 4_uLilU.I 4_l2JL>JI 4asl i all (jr^l JaJt-LJaJl jj|_i3 p^jj-jJI s-Lul Lai (j •■J"~~' II ?- la i •■ 
(J * i"i" .(^yllaj Mill s.l_<j| <L>.mi |_£jJi]l I a I" Js ■ t^U^-1 i ui.1 L^Xli.2 4^e_ujj a j»U".t I P'J'-^' 4 ~ > "^ ' " a »' ' '"' ' "' 
J Y/0 ■ jj-s.j"tl a L»jL<aJ I j Y/i (_g.ps.jjJI ._L<___tl I j* * 4_l^_l>.jj i_jLal_j__> 4J— i i ul a j _L__II 4jjLu 4-J1 ala i ■■»' 

c.jiutl < (ejection) l_3jl1!I ((branching) ^iUl s-jLju^ 4. <>aji iJLu ^ljU,„Vl j^-,,,- 

... (clamping) 



rA 



'.LuUilSJb-jJ! 










•.Lg-La J-^=JlJ < JjtAll 4_uLllII ."<l*«ljt \1 t SJjJlC fljjf LlULufc 



(d)n - y j^,,t,tl) (Piston cylinder) p...^^ ^i^k^l • 

(((_i) \ \- Y J^aufoJI) f^vj-II j j» jl2j]I jJc SjjLtJLI JjLjs ji^i^j JaaII <jjLS s *'*j^ — I • 
Double-acting cylinder with adjustable end position cushioning 

(Y*~ Y J^U .*-,M) .a \ ^yg.ljjLj JjtAJI ^/' 1: "' ^*'ljt 1 • 

Cylinders with through piston rod 

(\\- Y J^ AH) ^^Ij3 JxAJI 4-uLu Jul^kxJ • 

Tandem double-acting cylinder 



JjLiiJI 4_uLlJ i'lljU , ,,1 1 



1 
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T^-^^7 



daw 



d*l 



=3P[ 



r r 



^ 



SJijjlII j r-_jjJ»JI Jilc aj_)L*-flJLJ (JjLS Jla^kJ (JjlAJI <Luu 4-J1 aia * 1 
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_L 










~r 




1 




1 1 




1 









-^^JT^l 



P-^¥ 




4_j3J>lj3 Jtiitl 4-uLS a',ljU,„t Y * - Y J^— ^gj| 



2 




^j (^IjIxj JaAJI a^uLS ajI^Lljj/I Y^ - Y J^— ■ 



'.LuUilSJb-jJ! 










(Rodless cylinders) j<yft!£!jJ&.JUuD!$k*V! T- t 

'" J ' ' "J 1 *-! (J-**Jl <»jJS <Ulala i -yl 7TjL>- CciILa (jjJj-La ( ■J' : ~— j" ye-Ia-m 3.3^ CjZjjU»JI jl aj^j^^l C<-iTiJ 



(j nj^-— ii.1 Jq <|f *'_9^-j' 



'C 



.n> L)_4 



: Lr A J 'p'j- 5 OJ- 1 '"'l*'ljk'"VI (j-a flftjf Aj>Lj i-L!l_ui> 



(YY- Y J ^i Mill) (Band or cable cylinder) j,,„^ <J\jU<„\ 



(YY- Y ^j^— > .~.tl) ^ i^ ,". a Sjj i nLaj <_ ij_ 



*_iLa^ I I rl< <ulj. 



kxJ 



Sealing band cylinder with slotted cylinder barrel 

(Y£~ Y J^— i .~.tl) Luui-tLaJLiLa tjj-£-« (jJj_L<jj 4J| ala i 

Cylinder with magnetically coupled slide 



(YY- Y J ^i Mill) (Band or cable cylinder) j.^ ".|jU,,.| 

J> i n" *_)La j-iC J-<J-1 jlj-i j-u-u (J^L>- £yz j_y>.jL>. Jjjj-La Jl ^j ■■;*—- U SjJ9 J^ '" '~ J ' ' (j-" Pj-^' ' J-* ^_ 
aMjU , „VI ^'JlUf Cuu fjjJo^oya (2rujj-^= (2^- <3 - :,: - a cl 4 ^ JJ^i Ol ftla i •■*! ^j-a «L>._jjj>- JlIc 




(Band or cable cylinder) jj^oj AJl^Ia^u I YY- Y J^iJ 



n 













(YY - Y J^—i i"itl) 4 j rt wi a Sjjj-uLaj <_ ij i null >uLa jj, i aJ <GljU i ul 

Sealing band cylinder with slotted cylinder barrel 

(JJLu <tl^3 4JI ala i uJl (J_oia <- < i u3» Ju-<J-4 |_£j_3eA Lr^ 1 ^''j'-"* ' " *' rt i n-v ^jTi^vj l^lLJlaJa i u2ll (j-« fj-Lll I JiJk 2— 




B 



p oUonoUo p U 



^ 



L^ 




jEjJz 



A iAjuxA o 



ijjjj/Laj <_ij i n'llt *_)La j 1 1 ii \ AJlaJa ■ u| YY - Y J*^-* ifuJl 

Sealing band cylinder with slotted cylinder barrel 
Cylinder with magnetically coupled slide U,,uU;,;* <jjJL« J^j-Uj 4Jlj)U,,il 

(jjJ3j i-l!j_^L) (_£JJIj jj " j^-* U *-« (_^>-jL>- „ ^~» j " ^~» j a (Jjj-isjj ^-J- 1 «■ '" J ' ' Cy 6 f3-^ Jul> ^r- 

(j ,.j^-» 1 1 Lib^jso Jtlcj 4_2Jj_Ltlj (j ,. .^-. 1 1 (^ru ^j-ala. (j njViLLaLa i_dLui> 4JI aia i uVI (Ji>-lj ^^La^jjjJI JaJLiJaJI 
J] 4JI aJa i aVl ^j^a <_i^ i n" J^j-i "^ OlJttJa ■ u VI ^j^a fj-Lll IJLib ^- ■Lt'-'J 4_SJj_LLI lLL^cjj jj hj i^iLLt-U Aj-2-i 

.aLjJI J ' — » Alt 4_ie_uJ 4_2Jj_iI,l ^j^tA 




- ' "J Oj-^- (J-O-" 1 - 1 ****'J ,,.| Yi - Y J^~» uA\ 

Cylinder with magnetically coupled slide 



it 



'.LuUilSJb-jJ! 










(Rotary cylinders and Swivel drive)(^jljUlj3jljJJI&likMVI)<pu^ld>*tl i- t 




r A A' 




( Swivel drive) £j!>uti j*HI yo- y j^=_ 




fA A 




(Rotary cylinder) sjijjji sii^k^Vi n- yj^u 
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iuJLUI3:b-jJ! 
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|4&tj LJUuLui 
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(ISO)j^lidU^WIf»UWIu^^U^lulJlikttVlj>ij o- t 



Jjt-aJI ioLvl S*<ljU,.4 



JjlAII <LaUj «LJI aia ■ •■! - 



x-SJ (jt cIjJl ; ) JjLflJI AjjLu S'iIjU.,.1 



3_}j_*JI _LLc OjO Jl^Jkj (JjlAJI A^uLij S'iIjU. , „T 



3 _}jj«JI _LLc 3j_iul^JL] (JjLS _l<j_>o JjlAJI 4_uL<j 4-Jlj-k < "I 



3_}^j<JI j (_)Lk jJI jJx. aj-iLt-»vlJ (JjLS Jl^Jkj (JjuUI 4-uLjj <LJI aia ■ u| 



**»' "- ** a '*- > \il3- a < — ''-* J* '^rH^-J *Jl ola ' "' 



» 



1="=? 



£ 



^ 



Rfc 



i^Uj^l ciUI^U^Vl j^*, YV- Y J^=uUI 



(iso)j^iiaj^LJif»iiwiu^^u^i(jLS>aij>ij v t 



Jl>-Ij <jL>oI ^_ JjJ^i (^l-a^-u t-l!j^ta 




Jl>-Ij ijLsol ^_ jj JtJ J^JlLII j-iAlLa (-jLo^-U Liij^eja 



(j-UfcLsouj JJ^JlLJI j-ttLa jJiLa^jj ilij^eja 




0= 



2j|jj ^ijjLa^u <U| aJa-i "I 



-> 




LuLa^-iill <"<l^-.j^-t I jyij YA- Y J^— . 



it 






Cj^OJIj £**",-»", A tlj pLisji Cj^LjJIj (j-LtiisjJI Cjlj <Lt^-ta.aHll p^~~ LSellll CjLoL«-»^3 Lr^" *— ^J-*-^' ~~ ^ 

jjj-Li] ^J ' * p~M i n ) 4-uLil i ntlj "^^""V ^""V J 4jjJaJI : A a u he 1 1 d)l *" <a uaJl j^it i"il jjj-* 3 Tj-^ ~ ^ 

.J^JlJL) p^-»-»"tl CiLaLij^ JaC 4_uLi^=j ' , ^^~'j" J < ^j i icaj ~ "I 



to 







x_L4J>- 2— • La a » i ia I , I *l_a«Jl d *^— <j~-j J< < " a 4r p^— 1 --"" J-& (^jLo^jjJI ^^-<-»-"itl J'Ai A_ CjIjLlIc^I p-4>l Jl»J 

2 <j I U 1 1 ^jj . ^.tl \ (JjwtJ (jJ (J^3l^3 a Lka-Ll I (jLa 4_uj/l_m p ^— - ■»■" 1 1 j-usLLc jLll>-I plu joJ I jl a! La.ll I j_i^Lt£. 

a I o LaJ I jLll>.| Jilc . . " 1 1 ^ 1 i * --> t I i^ <i i n"< ^.i^sLLc 4 La i ul aj i La a » i a I , I *I^JI d*^— >^ -v. ^_ p^~ » -*-"" LJLc. jaTu 

.«L3^L>-J Jl*-1 q£. p^~~ LSellll 4_uL^=a_alj (J-tJ tViH 4_2jj^aj p^*j>Jlj pj-ul (j-a (J^ 3 ^Lc! va (_o.J i_ 1 1 uLill 

t^yjk J '"" al g ,^tl ^^a 4_u_uL_u| Hj-ll Aj^Lj i_dl_ak 

.*.I^-JI 4-i > <ij i ii (_^JlII jl i ii U jjuso :4_l^>-jIlII p^~~ LgeHJI CjLaL«j-i5 - \ 

-. I La * 1 1 <uLj^>J i Lai tiaJl ) p ^— » ->"" tLLaJLuaJI CjLaL«_u3 ~ Y 
i lalLaJL I i. i i n~>- ij\Juz Jaj. ^_ J^JlJI (Jj-t.a-1 p ^— » -»"" tJj^jLlJL) p ^~* --" 1 1 CjLaL«_ui5 ~ X 

(Directional control valves) 2x$g£2\ f&u2\ uULw Y- o 

jl i ii U J)_L>o Lr£3 ■*L^' (3^-^ <>L>ijl A- p^~~ »■»■"" ' A-t^-p.aHl| i"tl al ^ i^H <j_Lii a a aj < 4 jo mill I /ya J J 1^— 

4^=ajj>- ijLsolj i_3L5jJj (JjJLiuJ JJljso j—ILlILij a I La-LJl ' La a La ^- ^j^a . u^- (J^= 4r *'9«J' ^-> J *»Ji u i^JJl 

: L*_i3 /— ^-ta.alll| a I o uaJI 4 j <i i n"< *£a .^jLo^jj i_l!j^ta a! 4JI aia ■ ul 

cro^^ : (Number of ports or openings) (o}Lu^l) l^lr l^m j^\ oL*iiJ! jjulI • 

.... <^Lbji r <(Y) ltul^j : (Number of positions) j^iVitl ^L^jf jjuJ • 
j^; i,ii ler ^3-uL^=L-La jj; ,Vi <^jaj Jjii*" : (Method of actuation) ajlLjj i^iaJ • 

^.j ««4^j>j ^>>-j : (Methods of return actuation) ^UJI i^^y 4jIj^.! ^>.j i^iaj • 

j^a^j .UIJN loO 12, Ly ALLaJ (_ i i ii-*- 4-i^-L>.all| <~<1 al n ,^.tl jj^aj jj_jla3 iSj^Ia (^^iajju Y^ - Y J^— ilJI 
x_iis_a (_p-4-> P-i)- 6 L/^ 3 "Ji* '"'"I* pLiisjl JJlC (JlLa-i CjL«jj_a «JlC ^Jl p ■ "^^ Jj ' ""1 ' (jr4rP*3^ ALj-i-is J^-—'' 
(^SJlIII CjIjI i ii a JJljjo p3 a I o uaJI ) 4j^sL>JI diL^tlill (i«_ij_a) (JjJLIij p-^J u^ 3 Lr^" ■ i ^ u> ^! J (j^-»-a (J-ti >"<" 
4_uLa^jiJI jj^sLLtll (y^Lu (_i T Llu^(l Jj^sjj -f-tj- 6 U^ 3 lP* - ^ ^J J p J i ■■»' ^j^a Il, » puj ?- l * 2 '3 U^ 3 At 

j-t£- ) A L»-uall (_^jL*JI «_iisaJl x_iisjJI (JILaJ i^JJl )«-lj-ll-l 4j^sL>JI Cj^Lt-ajJLl AjjLa^jjJI ajjljjl ^_ 4-a-XJeII . nU 

. 1 (_3j^>o 4 2 1 » I , I '*" ■»■" Alt j-aj_l .((Jt LttXI 

_ n _ 







.ajjU^^jJI 2jil jJL 4lajj JjS aU^iJI x-ubj jj»> :Normal position ^LJI *_ii»y! 
*I^jJI tc^j ajjU^I SjjIjJ! 4- ^.^^-j" ^ fU-naJI *-^j >a :Initial position ^IjGjVI x^yi 

.ajjl jJI (J-iJI mi" <L)I JlJ <_>±2j A Ua-dJ /- i uj-ij-ll ' kj Ltjaj, I 
AjLJr'iirij i_3o-i-uj Lt^-L>.jl!l p^-— — IJl CjLaLa-j^i] 4-uiJ9jJI 4_L«_<_ulJI j-uLta DIN ISO 5599"3 aLtail! -SJ^-J 

r-- y j^-,,t,ti 4. urUi Jjj^ji ji^l .4-j^ 1 f^ 1 o^ ^3*- l^j- 11 f^ 1 ^ ^ji^ 11 °^» 4- 

AJius^l '£— q^-la j_a> 1 <\^— - aLJSjLi Cj^Lu-ajjJI f-ia->- Jl jl mij .i|_j^>JI j (jr «i^jJI tJ-uaLIiilll (jl_) AJjLai, 

;4 jjrt-stl ojufc IL. AjljIXI 4-Lq-L.uliI 4 \~i a I .T^ _ Y J^— .^.tl £_ A^tois^il 

4/2- way valve -J^-^ cy-^jj j^Lia £_)jl <d ^^.y^ ^U • 

5/3- way valve : Jf*-"^ f L^j? o>Lij j^Lia i^a^. 4J ^yj" >U-^ • 

4-La 1 ul^J ajLlSJI <~<1 al g ,^.tl CjL»j3 JjJ-ij J 7tla3 :_rOppet ValVeS !SjLaJ9 ia^a^-jj oLaLa^o .1 
LiUjJ j -(_y^ CjLaLa-«^iJI aJJt, I§_ I aJbll 4_iisjjLil « La 2 ! I JJlC .CjLLajjjjJeja jl -- *1 a i a ((^^IjJsl cCjIj^= 
j t _ ;r JL>-1 Ji_I1 *'_a«J' JaJLLa <LajLai 4_lJui (JJ* '•" l " °J& i_J\ r , L~L>.j I j*^~ 1 1 j.aJLoIs 2jti Lil at" i u| (j^ 3 ^ ' 

.L^i>-lj i_^aj-ll L±!j-ujJI SjJ3 

4^jj_ni olaU^aJi oUe^ j^iis j ^li: : Sliding Valves iiljjdil au^jill cjLaU^l .<_i 
4-^.^jHl p^~-ti cjUU^ caiL^ja. .(flat slide) ~u,„* jVj^ jl (spool) i_^=ua su.ni^j 

L^Slc jlj-ll CjLcIAJI (jic. I j'^-— t ' ajLiaJI CjLaLaj-aJI (jl '2— AjSVjJI CjLaLau-aJI (j£, SjLiaJI 
Ji-b (jVjJll liJjJ^l] a-aj>UI CjL-a^Ljtil AjsejjJ LdJjiJ a^Sj (jl tj'^— 1_' ^La 42Jj_U,l Lai t s\^=aj>Xi 
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(J-ti )""ill pLiisjl jj^a Ltuisj f-i>^' (.P-*- 1 

(JjJLifulII pLiji JJlC Jl CjL»-)jJ,I ^JlC j imiJ 

.^IjjJI (_yic. *'_a*Jl J^JJ- *L><-l'j jl i na Jl p j i aJI a i La jh 1 1 j i ■"■ ' 

.CjLljjJLI (_Ji-lj f-jusj^. JaJnJ (jJLi.ll x_iijJl (JIl*j 

x-iisjj .*_)j_tl TTjLs- ' J * ' (*' 9jJ' ?TJ'-' ta J (_>>■' J^a) Cj^Lu-ajjil jl mi < ' 

J[ ^ i^.lt ^jLicVI x-tijJI JiU-i i^JlII f-jj-ll (jyic. cj^Lu-ajiII 
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DIN ISO 1219 ^ll^jlu L^A-^^jiJioUU^n^^jiJi jj^jJI x\- yj^=u 
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£ 2 -»."<* . n V 3 -»-""<* , U 1)" A s, i U 1 1 *jl ,",V 1 


Z 


u 
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4-ubLsoVI dll ^1 o LtaJI cJl^ajJ £_j^>JI aI t-^'tl j (JJ _<iJ9jJI a Uajjil (j-U AJjLiLa X * - Y J^— ifu 
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DIN ISO 1219 ^ u.u.-v oUUJI J.dL£l j-^Lk: rr- yj^ ,v 

_ i\ _ 













t^^j j 0^*^ cr^ Y/Y (jr^R-j^ 1 fUi^tl ^ji^o : (2/2-way valve) Y/Y Cr 4^>i ^Uus }- Y- o 
j_^l«j tt <i i nt 4J1 ti-;^ ' ' Iq s a ^on-oii valve J (ji£. j 7^*^ p < * a ^~~* 'j-j" J < +" < » > .((ji*-« <?-jjA<3) Jj* ~n~ 

ajLc J-&J .Jj^-^-^l (*-*-^J Ar jjj^""* ' L ^-^ g I J J " ' \) ' jJ " ?*' <i Mill tjj-i (' Laa-i <>»t I ^.I^JI) <LuLa^_uJI ajLi^fl 
. LuLa^jj jl ' - ;' : ~~ 'Jj'' i ~~ 'J " J I 'ii^ 1 u + '"13 VDBll Se&tJ ^jjj ^-.tl J JlcLSJI CjI j Sjl fl-flJI <— >l *" ^ L<aj| pjj ^jj3 

Y/r ^^jUi f u^Jl ^ji^o:(r£- y j^ All) (3/2-way valve) Y/Y c^^-is r U^ Y- Y- o 

?i9«JI jj-^- o-' 1 ^->JLl!I ajLi^/l «.L*JJ (_^lc JlcI i n" Y ' "±j '^"^ i^da iaL-isJ • Jj* <Su (jr t.iJyj j cjL*1s Y (jylc 

^Jl «3 ' a U ' -J> " * ^-^H^ 3 .^ L^' Y ^jt^^ isjLJu' (_jI JuJ^I 4*_iis_a, ^_ a I ^ lo1\ Jj-ajJ aI i LaJI (J}L>. i ^J » I <a 1 , 1 
Jl l *'_a*JI aJLu-sjj jj^a j^ojjlII ^j-a ' J fcjual, I *l_a*Jl L*JLa A I ^ LaJI e Jl£.LJ3 J-u3 ~&j^=s i-d^-uj x-3JiJ .JjlLaJU *'_aiJ' 
SjJ9 <LajlJLa uaj IJl^-1 . 3 _Jlc LiUI i j r c oJ_l*_) *j ^-»tl «30j aI ^ LaJI jj •\'^~~' " Jjt i"i" _U£. . V jjt i""itl da-a. 
^ 1 a , s* I I -»■ , , ,~. > _J ' J ' L-* 1 " "-"-'''' (J-i^5_a3 t (J -li i~i"i II ?-**£>$ JlIc i loa 5t_Uai, I *l_a«Jl j]^ 4 i i~iLj| S^oJijI j ijJ^_<jjJI 
Ol aia i •■*! A_ p^~~ '--"H (J m" i n t J Lt^aujL^auja jl Liji_Li a I -i uaJI JJuIiJ i Laa » i <a I , I ila-JI (3^-L"J L>-jluLa 

■ Jtiitl Aj^Ls-i 



I$K 




5 (jlt-a :(_^jL«JI x-iisjJI 



s^ 






X)w\ 



3 *"j" a " 'uJ* '""'II ^-^^ 




^jiUJI j-iisjJI ^4- c^*- 'i^JO^ 3 (Jasb-w «JlcH : Y/Y (^Lsol aLa^s Y£- Y J^— uJI 
3/2-Way Valve: Ball Bearing Seat, Normally Closed Position 



. 













iLu^oJ i_ij mill *-La ^JLjla .(DlSC Seat) 4-u-ajJs «Ji£.LJ9 Ij Y/Y L^vjj LaLw-a Y0~ YJ^=lAII j>Uj 
.«.I^-JI Jj^jJl! Ijjll£=3 4ja»l i n a ">J-3j J] L^J-* Sj-tLto 4_^=jj>- j oj-Lt.Lg> a! -^ uaJl 4-ll.jr" i nl (]_>-« j .4-JLt3 I j'^-'t 

p^— -^" j '-^t -«t CjljLi! *LLa£.J jl Jtiitl <U-iL»-l '~<l''ljt-^...^l iL. p^-— sell! Y/Y Ol *1 ^ t^aJI J o t" ( uj 



1 ' v 3 



X]wv 



^jJuLa : _£jl_*JI *_iijj| 



>/ 



il<- 1^ 



I 






\ 



TJ~ " a * ui* ~"~' i ^-^3 



7 



^JiUJI J-iisjJI £- (J^-t-a < 4_u-ajJ3 a JlcLJS : Y/Y (^Lsol aUj^s Yo- Y J^— ■ 

3/2- Wav Valve: Disc Seat. Normally Closed Position 



o\ 













<|_ Ls-aiiLa LaLa-i^ Y j ^ tUlsellk <j-u i Laa i i a 1 1 *'_a«J' Jj^JilJ i^-JL*-!' ^- < - L ^_ a 4r- ?*j)" ^ 1 1 Y/T a! -^ uaJl /- <i 1 a \ 



dj^jjj (J^L>- j^-a (_^JLx-a 2I L^ » 1 a J J! aI -i uaJI SJlC.I-3 4j-L»- f_a^-J <4- '-. ' J ' ""'J JJt"^*^' Jj^-M ■ ^ O^ 1 ^ iseliAll 

1 I ^— 'J^ x ' i ~~ >-±A i LjJ^- 1 , a '■aJl (Jjt i"i" > j' : — a 1 ' .Y /J) \ ^j_a *'_4jJI 7t!La-) J T <L^l2 (jjliu |_£jj>-I aj_a 1 La » 1 a ] I 

p^~" »-Seail (_£-lL*-JI x-u3^]\ £— T-jliHI Y/T ,, jJ^J , a iaJl (J a «"" "" '"'' £j Jalll <- 1 1 n~>- LuLaa-u jl I J 'j g *— 1 

.4Jb_al3 a^lAJ AJlaJa 1 aVl (j •■J^~~' a p'ji .il Ju-al Ajj-I JlIc (JJt-ill «Jlx>-j '~ J ' ' Ar 



STh 




rj] ii a '.^.iLaJI *_iisjj| 



»=gj 



wv 




JjJJLa '•(Jj* i*ii"H fuus^ 



JaJLLaJI l£j^_uJ 



r 



La-i-aJ SJlcLS LtL>- 



i^jLlII j-i-^j-II <4- r>i^- a ' 4-^=>s 5 Jl£.L£ : Y/T (^Lsol ALa^-a T"\- Y J^— .^.tl 

3/2- Way Valve: Disc Seat, Normally Open Position 



01 













/-lc i Lai LtaJl Jtlc a I -^ L<aJI J* i"it I '^^"^j"'" ' Laj i u ' jjfc J LjjJlJ (J-O-"-" »3» -s "j" LoLa.^ YV - Y J^-* utJI tl^-J-i 
j| Ja.^aJ (Shut-Off Valve) cilLSjl *Uua^= pU.ua] I ljufc J a t" ■ -.J -U>La OJj^sll.1 j-^t| ^|j 






K 




zrwiT 



3/2-Way Valve: Hand Slide, Normally 



. 1 Y <L3tl3 £.. 4_uU^-U ajLiu * U^aJ I jjt mi" pjj p' rl -<-»-"n JjjUu Y/l _JJ^j" Lai O 1 '-* 1 YA - Y J^—' .".tl ^u 

pUi^aJI ^j ■"^— i a i La C 1 uaJ I dj^jjjjl f-SJ^J ^ Y i^ela (j^a ajLi^fl *-3j Jtlc . Y i^tlij ^ i^tla J i «ajJ j al »juaj| 

(J^L>- ^jj3 Y (JjJLiluJI daa. *'j-ffc 9"J-2-* -Y J 1 (J -0 ^Jjj^JjJ' (_>^J-^' ijM-*- 1 "jfc .(_^jL«JI 4jjjisj (Jj /*^>-j-i /-^aJ 

.1_£.}U!I x-iisjJI ^_ UjjjLo jl (_^jL«JI x-iijJI ^_ LalaLa CjUUi-aJ! ^j^a pj-^' ' Juk fa a l - J " . T 4 -»" all 



i ' v i 



Xlwv 



(jJJLa :(_^jL«JI x-iisjJI 



rjj a a : (Jj* (""ill 7-**^$ 




12 




12 



i^jLlII » iA>^JI IL. (3-lt.o 'p^— — III JjjUu Y/Y ^^Uol pU»^ YA- Y J^aA 
Single Pilot, Normally 3/2-Way Valve 



r^\~„~A t>„„u: — 



'.LuUilSJb-jJ! 










^j^-— 1 1 ' 4_Ll*_o p*~~ * **- ' ''i'^'I ' - ' I u lal* a J^tliselLj a aLj-i^ j j * i*ii" _lLc ^j ..^— I » II d^JI U« ,%.* dJ^ujJI 3jJ3 
j^jJ I 4 j JJ^j" 1 ' I p i ~~ '-»"* I Cj La Lu^> /- <i i n" . 4 j jj^j" 1 ' I Cj La La-L^aJ I (Jji i*i"i I i loa i-tjaJj I «. I^J I 4j9 Lk> ^j-* 3 * -^ /l " ' ' ' 
.^jLlxJI p^~~ ' "-" 'I CjLqLu^s ^ i iij ^Jl /. Jj^j" 1 1 f* I i ' -^ ' I (J J* '"'" 4_LaJLi J I i loa » i ia I . I *'_a*JI «Lls>^TiJ a Jl^t" i n"t 
(Jj^a-i .4_u_uLuj VI a Lka-Ll I ^i^sLlc £— p ^-— » -*-"" (_jjJl (_ 3 -'k «^_l>-VI _j |_£jj>-I CjLoLs-i^j p ^-— i -»""* ^ Jua-" i »" (j^-S 
^ I g ,^.11 jjji_i~ f-3-S _LlC p' : ~— »*»■"' I JjLo a I -^ I a 1 1 7^ie-4-) /< * <n \jl\ a La-LaJ I (Jjt i~i" 4-i-",'^ >U»MI jj*i^, i A / a 



ljufc Ji. 



-# Cr^ 



A^ f I 



o L<aJl (j. 



■ ■ < ^-» a (-r^- ' , ^~'j " >i '''i'f. (_3>3 ■ t-» j « » >. 1 1 s-I^JI Jj^Juj p^~~ «-seoJi JjjI-uj 



■^P- 



VI 



S=& 



iflM 



4j»_La ,' 



o" 



r U^i! J! 



i — ^ 

H 



Pilot Control JjL^i p^^ui n- Y j^-i.t,' 



oi 



'.LuUilSJb-jJ! 










.(_£.iL*JI *_iijJI £_ Jjlt-a j P^~" '"-"'^ J^L"-" ' 4-^*-*^ ^-*-^l>^ (J-* 3 -*^ Y//V Lt^ia.jJ Lal_4J-a £ * ~ Y J^— lu]| (j-UJ 
«.I^-JI f-SJ^J -l£>=*-I *J^ jl (^ ' "*> 4-" ' "I 4j f-^-i Jl 4-dL^= <-^3 ' "Ij; "LLsjlJI (_^ic JaJLuaJ I jJc a L»j^aJ I J t uu 

Jj-lL-u a 1 -i I <a II (jli-l 4i.re.tJ I (]_>£. JajLL^aJI *_2j Jtlc .Y j 1 £►*",-»", Atl ^_i (Jjj^jjJI pj-J (—iLiJI (_^2>jJi]l tcJIS 
I -i jj» lis J Jl g.1 Mitll x_a a I -i L<aj| (j "j*^-* " J j» I t ' ■"' 1 1 4_lL>- f-^J-jJ .g.1 I'iittl Jl s-l^jJI (J_ji»0 L*JLa p^~~ ■~-"^' 
a I -i i a 1 1 tJ-Li |_2>^II clU TcjJaluJ £^ - Y j i*~ Y (j* 1^— i^JI ^^j (jjlJS .tijjjjjjl JaJLia j "' I " Cc-vj i_£jL»JI 



nanR 



wv 



p *— — -»-"' I JjLa A 



JaJLia cJ^jj j 




»1 Mlf 



Al fl l^lll (j. 



..■^. 



jiUAi 



4-JL>- 



3/2-Way Roller Lever Valve, Pilot Operated, Normally Closed 







^gjUJI *_ii=jJI £-7-jlia ' p"^-»-"tl JjjL-u i iLsuiJI italj-l Y/Y (^Lsol a! <in i ^ - Y J^3 uJI 

3/2- Way Roller Lever Valve, Pilot Operated, Normally Open 






dutU 

|4&tj LJUuLui 



gUJIL&LJL&M 




jj^a *1 o L<aJl (J o t" i n < .aIscju AjlSIj (JLc . t*»*a Jl>-Ij <jL>oI ^_ <LaL^= J3J^° ^ ' f [*' * '^* (J* '"' ' ■L5- i '-*-^' f-^J-l' 




r^5 



vw 

4 



; (J-«L>- f~^>-J p-A <iseJLJ 4jlS|j ji Y/Y ^ j.J^j" (»L*jLi3 £ Y - Y J^-* ■"■ 



3/2- Way Roller Lever Valve, Pilot Operated, 



el 













Y/£ ^y^o^jll! |*f 



=1]| aU^ £- Y- o 

p"~~ ' "-"' ' (J o *" i n > j (JJ + i*ii"t j^yjtiisj J ((j-L>-j_^3 j (j-LL>- Jua) CjL^ellS f-Jjt (jr^- ' ' >_/ Jj^j" (* a ' a ^^TltkJ 
J «f J Tciisjil J"-— uJI IL. .sJlcULi Y/£ L^oa»jj LaLw-a £Y~ Y J^— uJ| £rUJ. -Jtrttl A_uL<J dMjU,„VI £_ 
(JjJljj pjj al i LaJI (J j t i"m Jtlc .1 (_) (Jjj-aj^a £ > a 1 1 1 j Y i_l (Jjj-aj^a Jl>-Ij J a * II ,jj"~~ ' ' (_£-}L*JI x_iisjJI 

?eJi3-i-u /yi^- JuaLtLa Y Juiitl (j| Jaa»V . Y < i Y Jj^sjj j £ <_) ^ J-i^ajj si-_L>J JlSLLUj ,Ji>.ljiil (J-u^sjj 

.LA^=^hf->j-J' ** ' "'J.' i^jL*-Jl 4jljl2s a (Jj aI i LaJI -Sjji-i (jJj_a-)L>JI £j£. i La » i a 1 1 jj>j^>*i Jtlc 3 -» a LaJI 
4-jlsIj <(^ 1 -^p'3-' i, CJ^-O"-" 1 ! <2jL»»la 4_uljjfc ajLiil <(_^_aJtJ jj taJJuILa JjjJaj Y/£ ^ jj-s.j~.tl al ^ LaJI J* ."it 

•- la i u a JJ zj_« i «Uje-t-i 



i^jLlII «jisjJ! 



fr 



(Jjt i*ii"tl XJ-^J 




p ^- i -»" 1 1 Jj->L-u t Y/£ (-jbLssjl iLsu^s £Y~ Y J 1 ^ » -".tl 

4/2-Way Directional Valve, Disk Seat 



* 



XH 




«V 













a Ly^aJ I I Jufc rnj-i LaJ i Laa « ■ >» 1 1 ? | aju (J-g-t-i j -- La i u a Jj^j.*!-! T/ 1 JjJ^j" LaL«-*-is £ £ - Y J^—* ."<tl £)-UJ 
(_£-}Lc p-^J T / £ a! -i t^ail (j djt J^~* ""I (J j J La * II -ij-3=-<J-i 4JLi£. <LajijJa (_r^- *— ^>*-"' .j^"""* 1 ' J I Jl>- i La-i - ■■ ) 
jj£, i laa » i a I , I «.l^jjl J '^-3 Jilc .Sj-iI/Ll/O 4_ul_jjfc ajLiiuL) a I ^ i a 1 1 Jau .Y/Y '"" *" -^ uaJl ^_ (jljsJI ^jjfc I -i^— i 
£*<"■»■" Atl Jl>.| ^j-« ajLij J ' *" i u j (jl (Jl «Lttij ^_ LJJU aI i L<aJI jj •■j'~' " jj 2 " £ J ^ Y) p^~~ i-SelJl ^LitlS 

.LiU jJ LiiSj *'_^J' CjIjI i na j-LtTiJ aj (j-«J L-I J-^-^ oLso^l '£— 4^=3jjxIl£ 




""•. 



fm 



. I-' 



•»■ La i ■■* Jj^fj-d j (J-lLuIjj4> (^JjLjil-i (J-g-t-i Y/ £ ^^^ifcLsol ^L«_u3 £ £- Y J*—-' mil 

4/2-Way Double Pilot Valve, Longitudinal Flat Slide 

X/l (-y ^fc.jIll p^-— 111 j>Uua o- Y- 

J '-""ijj Jj-ajJ O^L^ °jW tJd^ 3 O^ 1 Wi^ J » <"<J J JLaLUI j (J^ljJll J-J-«->- Jjic- '^ (*^J ' " ' "J I cL~JLj 






m$ 



' -»• La i u a jj^j-SJ (J-<W«J £/Y (^yjbLsol aLus £0~ Y (J^aijfaJI 

Mid-Position Closed 4/3 -Way Plate Slide Valve, 



«A 



'.LuUilSJb-jJ! 










:Y/o ( _ y4:F » v ji]!fU^]| V Y- o 

Ol aia i "» I ^_ p^~~ «-seoil 4r- < ) o •»" ' " > J-& J (J J* i'"\ f^a-us^ j CjL*23 4 i m^. (_y-^- Y/0 ^ JJ^j"'" *' « t-gaJl ^jTi^vj 

V .(_jJaJ£> Jjzj-a «d j (^-^H'3-' i, (j"UjL<ii-i (_>a-*-i Y/0 u j^i-s-j" LaLaj^3 Z\~ Y J^—' uJ| L. M ." J*^' < 4P'-<J 
jtCu (j j SI L^ax ijJ^-uj jl i log LJa-a cl^jfc (_iLulI LiUj j 4ljt i"i"t i LaJi3 aj-Lt-i^ JaJt-L^ 4jl3jJ V] al i LaJl ^Llxi 

. LuLaajj jl _ 'J J ^~* ' ^^""J ^""J* ' >->jJlJ ' 4 allied JjjJaj Y/0 <*<l al ^ i^stl Jjt i*ii~ 




^itfcp 



1 
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1 

i i r i rri i i rri tn 


i ( :n( i;: c 


J_^J 1 II II II 1 1 1 LP 



14 



1 12 



J7VX 



E 



5/2-Way Double Pilot Valve, Pneumatically Actuated, Both Sides 



M 



'.LuUilSJb-jJ! 










J_LLaj i^jJlJ Jjt i""t *_a (jlt.a ^^^jjs j (J-lLuIjj4> (j-UjLil_i (J-a-t-i Y/0 I JJJ^j" LaLa-ca IV - Y J^-* uul <j"4)-> 



J^** 0°J^ 




14 5 13 12 

5/2-Way Double Pilot Valve, Suspended Disk Seat 



i. 













•.r/o^^^j^jUI^LM^JlV- Y- o 

jjfc j < 1A~ Y J^-< uJI j-lajl t (J j t i*ii" pLiisjl Aj^J J CjL^tlS (j im-^ (_yic l/O iy Jj^j" (* I a ' a ' I L^-S-^j 
l_£JLa (Ji»-lj aMjU , „VI i_31_5jLi a I -^ I a II jjjs pj-lil I JlA tt <i i nj .(JaAJI A_uL-S AJI jla i ual £_ p^—-»".tl '£-. J <n"( i oJ 

'.^llIL^s al i L<aJl (J-ti i*ii" jtCu iiljU , ,, V I .j •■j' : ~— ■ a Jaj ifall 
.Y ,JJ ^ jjj 3 *l_a<JI Jj^JJ Jl l^J^ ^ ^ p^—-»",tl A^tLaJ 4_ul_a*JI ajLi^fl (Jjj-sjj - 
. £ (_^J ^ jj^a *I^«JI (jj^J^ (j)\ iS-^J^ ^ ^ p* i ~"*'**'M A^tlLaJ 4_ul_a*JI ajLi^fl (J-u^sjj ~ 
4 La i ul aj i_£j_^=j_/a ^-x-isj 4r {*' a '^* U ".'^~ > * ' * a j" ' p *—-'-»"" ^ljcT^ ^j^a ^JI-JJ L^ 2 1 <— 'Lt^- 4-JL>- 4r ~~ 

AJljVi i n zl (j i'j^-~i a lIojjIu (_£J^a (Ji>-I J 4JljU i n VI lJlSjjj 1 *l» * Ja - ujVI ALoj-aJI f-J-aj UJ^~ I J Lajtlc - 

4 ' iaAse * a Jji" 4 ilj U , „ VI a t 2jj UaaJLuxa i la ■ ujj* I a I a i a ) I j>.i^>j >jj^~~ ' ' L^-J^c- ~ 

j-uQJl Jtlc. udj^tlll jj>- AJlaJa i -VI (j "j*~ i a ■- j ' a ' Lc.>ia da i u9 VI j>l i uaJI *-u> a >jj^~~ ' ' LaJ^- ~ 

.4_l>.jL>. ajJ9 (_^Li 4_tic 



Tl 1 


■ 


=M" 


111 

i 


j 

F 


1 

r 



m 



±4 



win 



m 



(jjJJLa * Ja i uaVI Jtois^jl 



14 ■> 4 1 2 3 12 




VW 



-aUtTtII^- 



w 



l Ui j « i >. a ■ , U , ,,jVI *_iis^J| 



wu 



Mftpl^ 



im 



i-j^-a :Ja-i uaV I x_iis_ajl 



14 "> 4 1 2 3 12 



(J-LajL>JI jj^a (^jJjIj-ili (j-UjLiu (J.a-t-1 T/ ( _ ;r iiil_>ij| ^Lflj^s £A~ ^J^~" ' '"'" 

5/3 -Way Valve, Pneumatically Actuated, Both Sides 



w 



iuJLUI3:b-jJ! 



dutU 

|4&tj LJUuLui 



gUJIL&LJL&M 



: 4j^j-%.joJ1 ClLat <i ir-i'l 4 I <i i n" J jj-°J 



^1 <i i^-itl f-Lisjl 



JJl£. 



(oLeloJI) 0>L-a^]l JJlC 



l_£jL»JI x-u3j}\ £— 7- jT La. a Y/Y ^(jj-^-jj aLj-us 







? 




I. 






• 



(_£.}L*JI X-liijJI ^_ (jJJLa Y/Y ■ j^j" aLjJ^S 



(^jLtll x-iis^JI ^_ 7- jT La. a Y/Y ^(jj-^-jj ^Ljj-a 



Mi 



Y/O 



(jr £-L»-JJ ^Uj-a 



u <?.!> >* j»U-t-a 



.JjJJLo i La i u a 2 1 *_iis^]| .Y/0 ^ j^-*.j" (*' <» '<"> 



Vf- 



5 



1 I3 
-I I- 



1 I 13 
4| \2 



a 



r 



5I 13 
11 
41 12 



W 



tUItttIWt 
5l l3 



^-J-^j" '** * '^* jj-^j ^*~ ^ J^""" 1 ■"■' 



nr 



'.LuUilSJb-jJ! 










:Non-return Valve ^^pUlpUuaJM- v- o 

jJx. . jLlJI J^Jlu tt q i n t J , U « i >. 1 1 JljJljso j^^ cJ^eTu (jJj^ujJI 3^j9 . U « . >> 1 1 3^5) ^JutHj Ls_lic J (.Z J I 1 
i_d^_u jJ I ajJS x_a i La » i ia 1 1 ajJS JtJtjj ( 1 J I 2, (j-a) (j u-u>JI oLsol 4- ' * ' '" J^>J^><-> > lq-ILc (_yic ' La-a uaJI j-<jI-J 

r ' ' "^ j! 4 *-J* • "* <■ da^j^ejz l d> *— ' '. i. nVifc y\ «sa .".I JaJLiiaJI JljJlJso ) La 'i£. Jl>-I_i 



1 



— ow\ 



I 

i 



Non-return Valve udj_uj_> CrA ^. J v ,* U^ o * - Y j^-,,i,il 



M" 













: Dual-Pressure Valve (AND Function) (jlj *j|jj) £*»JI ^U^ Y- r- o 

Jj^j-jl Jtlc J^SJilJI (j ii j •>" (3)1 jl 1 (Ja-JuO £_ S.ij_<La ajLil .(Jji^-jJI ^jLil }J-^= J-^J-* '•*! *] TZJD^" 
.Z r-j^eJ,! (Jj jJLuaVI SjLi^fl jj-*3 j a I -i i a II j .^— VI SjLi^l JjJJu ((^GjLi^l daJLLa 4-c-l3 3 alia. I Ijj 
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■10) 



1 K3) 1 10] 

Dual-Pressure Valve (AND Function) (j u^) £_*^il ^u^, o \ - y j^=_ 



■u 













•.Shuttle Valve (OR Function) (or- r J^^ti) (jl oljj) ^jjp ^ u^ r- r- o 

(Jjj-Ul J-SJtJJ (3)1 jf 1 (j-uLi-jJ,! }L^= (j-a s-l_a*JI (3^^ ^^ "^ J'J - ^" J (3)1 J 1 (j-LJLi-Jua l^La CjLcIs 
Jl>-Ijj 4JL>- ^_ ..Z T-.jJxW {_ys *'j*J' (jj^JiIi-) J AJjUm 4jLu^sjjJI LiUja (jl*3 j 1 Laa Lt^aJU s-'^a^JI J-<jl-J CxJhJ 
, u» .^tl CjIJ i-LUTli ■* 1 1 alLd .Z r-j-ieJJ ^JLu-ajj ,jj^~~ '"' a (3)1 j 1 ^J 1 -^*-^' Ly"J jLa J-' ^ c - L." flllsejO £m U « , >, 



, U.j » , :- 1 1 £|ajj| 1 j* ^ (_)i»-J (jr^ 4H'>*»jIul LiUj ^j mL ^j-* fOL*JI *'_JtJ' (jjJSJLU 



VI 



^ — i — (J> — 109 





109 



Shuttle Valve (OR Function) 



10 






|4&tj LJUuLui 



gUJIL&LJL&M 




:Quick Exhaust Valve jj^uJI joUJUUuaJI i- Y- o 

*'_a*J' Jj^Juj .(OT~ Y J^— > uA\) A '^—' o ^ kcj-uj ^ u£l£>\ <■ (Jjj^sjjJI /*uilaljj>. j '" J ' " ^i>^ 4r- U *> *"' ' " ! 
Ojso 3 (_c2TlII J^Lib aL^=l^^I 4.aL>. a,_^5j aJUkJI oliJt, '2- .0 J^ ui) 2 J! 1 ^ S *'*J^ Vl <J1 ^J)*'^ 

.3 (J! 2 (JjjiaJI IL. ajUJI J-2JlJJ SJa^tUI ojufc IL. L^aliu j 1 A^elaJI 
4 *^— > i ■" 4^j_i_u ^_j-£i2Li (J-llo^IuI p j la I j a. j '" J Lh* fOL*JI *'_£(J' f-ij-^" . a LaJI IJlA (J-qju-mJ 

4^j_i_u (jLS /— fcta»aj .aLa-i^s ^'■J- 1 « *t-*l d- p 



.IJl>- AjJLc 4_»-j JlJ *_d3^3 <LJI ala ■ u J I (j u-l^3 a 




CD 




x_Jj_m AjLc aLso^ OY - YJ^-. ,",t 

Quick Exhaust Valve 



© 



in 













Flow Control Valves ^23LaI I uULWl t- o 
: Throttle Valve SjjU-JJ JjLsJ! jsuji aLm^JI t - £- o 

Sj'-i] (Jj^Ia £}£. a! i LaJI K-LaiLa A.a.1 i m j-i-l<j (Jj'Li. (j-a (3 ^J a Ul 'j" I) ^^y-q-JoJI (jj^JuJI JogjLa (-r^- J-*-*- 1 
J^— ij .(OL - V J^— iSJQ^JuJI 4-La^= (^JLlILl J al ^ .^.tl IL. p ^— — "j j!j-i (J^J^ J^— ui (_;,!£. ?-LliLa 
s-LvJ' Jajt-L^s j i »" - Ui.M ■*! a ,^.tl | jut (Jl <ii~ i nV (jjj_a-l cl^js-l JuX. .(jj^JuJI l _ 7 uiL>ol j^l ^— J aLsu^JI a I j-jr" i nl 
< JLc I <=L (3-il_>J! a I »juaj| J a t" i n t .diL^-Lulu-uJ I (Jjf ' ""< (^3 ^j-L^JI jlj I i^*-— ■ LaJi uaJI jjjjLiJS jL^->- (_r^- 

: One- Way Flow Control Valve SjjLvUj JjII » jpUk^a>.j}UI r U<MI Y- i- o 

Jjjj LaJl ^jj^autS ((, i ..^-.»tl ijLsoVI) j^>- VI oLsoVI £_ Lai £ Jl»-Ij <>L>JI £_ (jr aj»j>JI Jj^JilJI S^jLtaj j»J-5j 
*_LaLaJI j '.'^~~'~ J I j uLl<3J ^j^— i a I ^J-LtkJI jl a i na ajl jj Ju£. .(0 0~ T J^— ■ <"< 1 1 )j I j" tl Jj^juJ LaLa-i L>-jjjLa 
Jtlc .2 ij\ 1 oLsoVI iL. (JJ -a^iJ»JI Jj^JuJI a^jLta {j^=3^Jl£ £t_JL^. J JajjJeJ.1 «JlC.IJ3 Jtlc ^-SLjJI (^^lisj-aJI 
4_ajlJLa ^V (_paj_*jj (jl tjj-^ jLuJl Jj^JuJ 7 1 " a '-"J J p I ^— i a. V I Ja_jjJta Ttlajj ■ i ..^-.»tl oLsoVI ^_ jLp-ll Jj)> j0 




a I ^— i a. > I tLsjj^ta 



One- Way Flow Control Valve 



«--» 



iiiiiiinij 



9 



^ 



u 



SL 



■+■ 



c_j «--» 



8jjLsl*±J JjLjs JjJL*. j»La-»^oi- YJ^=uUI 

Throttle Valve 



•w 



iuJLUI3:b-jJ! 



dutU 

|4&tj LJUuLui 



gUJIL&LJL&M 



•j^UI diLal o i^itl *U a 1 11*1 j jj-aj 






-0- 



(jl "U_$j) (^JJp fL-«-3 " -^ 1 — £)- 



± 



(j ^jIjj) ^-a-^' »Va-us 



*->J I n ll L-*2JJ-l^a*L* 1 aLaj-O 



i — — r 



j L 



r\, 



<r^~ 



il A g i^'l 



4 I Q ( rl 1 



jjj^j ° V Y L^=-^ 



:aJLiL>JI diLal o i^ll 4 j <i i r i**i j jj-^J 



oj-lLt-q-U (JjL^ (J->L>- f**' q *'"* 



aj-lLt-q-U (JjL^ (_3-lL>- L7-*-***J *2 >L«-Ci5 



-**- 

fF 



L^_ 



4_**L)L>JI '"" al ^ ,^,'1 4 J <1 ( nl J jj-°J OV - ^J^~~ ' '"'" 



•u 






|4&tj LJUuLui 



gUJIL&LJL&M 




Pressure Valves k*ti}i uUUo o- o 
: Pressure Regulator ,k;,Ml ^kri ^U^, \ - o- o 

.(OA~ Y J^— ■ r'llldl^ la Jiic ilaJi uaJI j-<-*3 (0-C.J «L>.j^ta _LtC i Laji tiaJI C^J-lHj i Laji uaJI A-iIaJj aUj^ ^ j ^ i 
JaJi ' ia 1 1 (Q-uaJj aTu .^La-j^ta _Lic « 'J UaJ, I JaJi i ia I ' J_ya j-t^=j\ »\ *\ uaJl (^Ji-Jua Jilc JaJt-LJaJ I tjj^~~ » ' (jl t— ooj 

(_,!£. i-^j^Jj j-^jy U-Lu *Liiill (j-o ujU ^^ rj>>Jl LLaixa j-aaj .(Diaphragm) »l Af J>L>. &a 

A^>- g.1 caJJl i_l!j_»jj r-j)j^>JI JaJLLa f-Lfljjl Jtlc Ja-ijLa ^yajJt * La ■ ul a ■) i_d^_ujJI 2jJ9 . U ■ i >»" .(JjLitl i_<_)L>JI 
, Uj LuaJL I *'^«J' 'LJ-a *-3Ji-<-i j i_£J^=aj_tl g.1 mi ill *j^>- "»■ la * ) . Lii^= JjJ-*J J' ' "U ' "" ^- =e ^ 2 ^j — I^T.a i_d^_uj_JI 

' _)j I La 1 , 1 ilaJi »MI jJ! Jj^jJJ T^aj^^l! t-uL*. i^- <-La-LLJaJlj Jj^JuJI ^^3^ ^^ j"'^""* ' r ^ ° "^ ^ ["" ^"' a g.1 ifuiJI 
LiaJLLa j/uu . aJLusI^Lo 4 a '^-< pi LtaJI jj^lJul j 7-LlAj! (J^L>- jj^a LajJLa 1 La j ■ 1 ia I , I ilaJi uaJI p la * ) I 1 ^-< a j 




Pressure Regulator 



n* 













t^jUll *_i^aj| 4_,3i*-« 'AolajJI JjsLl^M aUls Y - 0~ 

Time Delay Valve, Normally Closed 

(J-iL>- /— ata.j V Al-a-i^a J Y/T ■ JJ^j" Al-a-i^a '(j-& J <LuLa_o-U j^aLLc Aj^Lj ^j^a <U_Laj_JI AjSui 21 .»L«_i^a >jj^~~ '"' ' 
Oclill Juc Lkixis til LlA jj^J J^slAII) i^jUII £-<^>!l 4-.(0^" V J^aAJDiayLum sl^^ll jlj^. j 
JjJLJkJI x-iisji,! (_J^L>- i La a ♦ i a 1 , 1 *l_o*JI (j^3 J"m ' "*^ lZ p*^-»".tl 4^tla '£— 4_uLa^_u ajLil -ij->-J J^-t£. .JaJia 1 
1^21 JaJi Ltall dJ^-uj 2^3 (_paj_*jj .T/T ■ jj"*-j~ " a La^taJ I J I j ^jlj-iJI J I (1 ali a ,jj^~~ ' ' lt-^^J^"' . 1 '-" . 

«.l_j-JI «^=lj3 j a" i n > .Z <L^la (Jj 1 <L^la ^jj3 jLpJI (juj-i-u *JLcj llUIli j p^~~ ***■"" <L^la ^_ i LaJi LJaJI 

4 -»", Atl ( J T a^5jj j oJJ^j" j*' < l-J> P*-^ 3 t*^- 1 L ^-LhH>^' tloJtjLa ajJ9 ^J^ Cj Jl*3 La I jl (_Z1>- (jlj^>JI ^_ i La a LtJaJL I 
/_^aa»all| a! ^ Lall (J-ti i"i" f_y-L>- J 1.Z p' : ~— LSegll 4_^i£ Jtlc i La » i a 1 1 Jjt i"i" ^jjj «.ljijjl .(T J 1 '— i ■"■") Z J] 1 
a La-uaJ I Jjjij_La ^j-^- (j Ij-*" LV° ' J ' ' a * '3r ' ' ""' ? O"^ ' * ' a ?~^J ^-^ ■ ^j*- ^j~* ja -3 "Lh^ -J -4 - 1 ' 

.3 








i 
i 

i 


i l^p -^q 



' ~J * ' a •" J ^ oL)-*" 



LaJ» i ia II cJ^jjj 



igjUJI f-^J-N 4-^Lat^LLa)JI 4JaLi^| ^U^a OV Y J^=lA 

Time Delay Valve , Normally Closed 



'.LuUilSJb-jJ! 










Pressure Sequence Valve t^to .U;,,,?-. fUu=> r- o- o 

JJ Y/Y /y^vagJl a! »jL^J| f^-j^ .O * "~ V J^-— loII) .Z A^tliJI (j^a ' ^J LtlaX I si J*3\ f-3J^-y J Y/Y /-^xvalll 
JaJuJaJI 4-a.iJa ^j^a Jjal 4-fr.iJa ^IJ 1.Z /c^autjJI 4JL>L_u 4j^IflJI '£— da » i a ! I (_pal flj<j| Jtlc (^jLtll 4-t.fJyj 

. LsjJLa 4 La a i-LJaX I 



3 2 1 




12 



V]vw 



i ^ 



12 



(•jLjj i La » i ~ 2.Vajl&"\ * - Y J^—' uJl 

Pressure Sequence Valve 



v^ 






dutU 

|4&tj LJUuLui 




gUJIL&LJL&M 



{ uaJ> ijajj oLaLc-uo 4 j o < n" j j_^°j 



£j_>Lx_4-U (_J_) LJ3 JaJLtis ^-JaJJ aU.'^ " 

4_L>-jL>. p ^— "- ' <LLu3^J (_*-lLjJ aLj^o ' 



a d> 



Liu a! <i i^ 



^ f 



^ 



' '' 



2 

A- 



ED* 



-2 



t> 






L o- 



x-ajxla ^yjuLu aL»_^> 



I- 



ia 



A}m 



1 3 



, U. .v-tl cjLaLvi-is jj-^j "^ ~ V J^— » ikli 



vr 






dutU 

|4&tj LJUuLui 



£OJI LSaJLSu* 




CjIJj^-iXI (jLa <> 



J^JU \- *\ 

j (jj i ii I i^~~* p^-»-»"tl a ^ Um I i"<l 'ij^— , t jj>-$-a ' a La a i^JOJl J <^» All ^_ ijJutx j_a jJU 

:<_,jfc p^— ^-"11 aliaj '2— 4_Li-uL-u^l 

Power source OsLkJl jju^a 

( Sensors oL^>aij ^mi) jlioVl j^L*. 

(Processors oUJmi) l>juii j^llc 

Control elements r ^ — -,ti J .^i^ 

(Actuators o \h^x I ) <>*J I j^= Le 



p ^— » ->" 1 1 4 1 1 ill i n J^— >_ufe 7t_Lajj i^ 1 -^' J ^rpLa^-U SjjI jJ ■ ta-ila.j* ■ p-u/jJ zLLa *\T~ Y J^~* ilul (jt-J-> 
t^LlIL^a <Lcj_«_3t/J (_L= (^^P 3 'J "*'*<] A "Jj J LLa-m-ua J^— » ■"■ ' Tt-iisjJ jj^aj_) L^-Jl jl ifu 1 <yjJI ' J-La LL*J I J 

4J9ljaJI j. t »^s a j.t^sLlc p uaj ( _ ;r 4> j :U icjj^>iil • 
p^~~ LSeUll ALksj ,jj^~~ » ' LoJlIc .4-Oj_ii]| p *^- i -»■" 1 1 (Jjj/^Luj (Jl j ( i*ii" ...J, i 1 icjj3j>m • 
(_L= iJjj/^Lij/ 2 JlC Jl aLLs-LII p i " A« (CjUi aia ■ ul) <_Lui j-LaLic a JlC (JLc. (_£jjj>o j ( ■^~~'j a 
.«Jl>-Ij «LJI ala i "I ' (_j^sL>JI <Lcj_4_>iil LiULlI pwSj (_^a ' ^**"JJ .«Jl>-Ij 4-J 1 aia ■ u * | j-- .-^.^ < 4 I 1 ul 1 u 



(J_aJu>JI ^_ O^-J-a J-ifc I -t ^~~* ' 4^1 a-q-Te-a J^— 1 ^_ I Aja^ia 



:^LJI 



0Z1,0Z2... 


iJslJaJI j J La ^ 2Jl>-j 


1A,2A... 


( i~iriijU,„vn ji«'i j i--i > 


1V1, 1V2... 


( p^~~ '"-"'' CjLaL«_La) p ^-— » *»■" J 1 ^.LaLLc 


1S1, 1S2... 


(...Cll 1 nTa <7c_uLA_ac CjLaL«_La) SjLfu^l J L>- J I j-La LlC 



' J * ' a J a <- 1 1 n~>- 4-flllieJL I >La LulI I 4 j i ul \ ~ Y (JjJl>. 



vr 














SjLiVI (Ji.ju9 




JaJ> l^jjI p^~~ ' "*- ' CliLsLu^s 













"!>- 



s| 



■<- 




t>- 



<S> 



^-U j: ;tl ^ -tl A^\J^,m IV- Y J^-i,t,tl 



Vi 



iuJLUI3:b-jJ! 



dutU 

|4&tj LJUuLui 



gUJIL&LJL&M 



J" 1 



^uC 



(J^jlJI j i^> if 



s^=-^UI 



<l>JulX1 j »-^*^ 



Ji.jJI jjUoLtC 






1S1 



7 



1A 



1S3 



1V2 



1V1 



'-O- 



14 



st 



i 



-» 



1(3) 



1S2 



v 



VW 



Wv 



12 

—■■:]- 



oz 



<s 



>- 







p^~~ » *** ' sj->l JJ ^—Lajlajso («-<-"_) \T - Y J^~* ■ 



1S3 



0=^ 



Wv 



"^ 



OS 



,:. 



X 



v« 






|4&tj LJUuLui 



gUJIL&LJL&M 




(^^^1 Jl Ji^u^l ,ya SjjIjJI JiJj AJsLkJI Jj^JiH • 

4J9l_LaJI j ' 1 <a t .t% 1 axil j-aj-II a Jiir" ) nj • 

<LaL^=3ij j-jljoj^fl x-iisjJI ^_ 4 U ("iU jj^sLLtll (JIL4J .(_£.}L*JI I j » 1 a a ^_ '"" al ^ ,^.tl -(^.u^j • 




.LiUj ^j^— » "' I -i 1^— > x-LaLdJ OjJ^> i— t-LlLJ jl ' la j La -^ /<u-uj3 



VI 













4- -j-iLxX! p^=-=el!l j^b JaAJI LxjLS S',|jt — V| j| J^l ijjU.| r,ljU,.,SM 4. p^u^-.tl JL^il uk^l <jl 

jl (_£jJlJ (Jjt i~i" jj /. jj^j" p^~~* "*- ' aL^s (jjjjJa i^C ij-uuYjm ■* J ' ' J * i*ii" p *— ■-»■" 1 1 ^j-« Pj-'j' 'u-ife 

J ljjLi^=s A I -i uaJl CjL*22 ' ~ ■ ' I ^-— 1 lj>! aJlJt" 1 n~ 4 S i^ U 1 1 ojufcj 1 -i j *j« 1 Laj i ua aLj-^o (_£l tjjJ-> /< ^-» J 1 1 ^-» J a 
^j^a (J^l 4J|aIa ■ ujl j '-~* a > jj' : — ■ ; (jl LiUjJ Jaj" i"ijj i I Jl>- 4 * "~j " J t£ aI a LaJI ^j^a i La a * < ja 1 , 1 *l_a«JI (J^J-J 4_c_l3 

7mm ^ Jll oUU^^l o>L^j3 jLL^fj 40 mm 

J*AJI ajjUT iil^lmVl 2_><iUI p^a^UI l - Y- *l 

- Y J^-» *fuJI <4- OV- J-* ' -1 ^~' J* 1 ^ OjL>.I ol ala i ■■>! £_ j_iiLiXI p^~~ i-seoil Y/T ^ jj^-j" ^Lus J o t" i aj 
.(l^-iL*-JI *-tisjJI) LJt>-lj AJI ala i u i\ /) •■j' : ~~' a QJ' : ~" "* ' 4JLi^uJ (J^S j 4JI ala ■ u » I *_a a I a uaJl (Jjj^sjj Juu ."\0 

.((Jj* i""itl *_iisj) i'il aU , ,,V I jj •■j^-~' a a J 2j ) aI i L^aJI jj JLc uaJLuaJI _U_c 

1_£.}L*JI x-iijJI . 1 (Jjt i"i"tl X-l<z>3 . Y 



! u r il n ' i j 



Qjq jii 



ji 



i 



.MM A 



-»c 



s 



«.I^JI j-<-*J jjJI JLc ua-Lua] I Jtlc 2MjU ,„VI £_ JiLa^o-i-LJI p^-.-»-"tl Jj^| jj Lcjjj *\*\ - Y J^— uA\ <j-uj 
daJLLa -i'-ij-i . 1A <GI ala i uYI (j •\'^~~' a «j_3ej>- (Ji^J-i j Y 4^tlill Jl \ 4 ■»■" Atl ^j_a 1 o aI i uaJl i Uj « i ja 1 , 1 
JJ a I -^ i ta 11 f^-j^ J>JI (j-C- ^4-!' ^J ^-<^- ^Jl jia ' "*^ tiJj-uj aj^ Jois aLo^I Jl ^j ".'^~~ l M,' f-^^ pJ *'_^t-" 
.1 ' 3 M-^JI <L3tla (J^L>- jj^a aJulII *l_a«JI ^>-J-i SJI ala i u V I jj •\'' : ~~' a ^j>-j-i J i-d^jjjJI 2 La ■ ul aj (_^jL«JI AjuJsj 
aj^l jJI £- c Jl>-Ij SJl aia i ul Jl>-jj < M^-« ■J-* - ' (*^J OJ^ 1 O-il Jul ^_ a Jl>-Ij ajj3 j giaj ^pJl jj-al_L«JI Jl jl i^i \ 
»Jl>-j i <l5j*.^LII jjljjJI >-l»> Jl ■ a!i><i 1 -i^~~' J aj^l jJI tfjufc p i ii^JI Jj cJijj-isI . 1 A p i iL L^jJJ j 1 utJ» 

.OS Jjijilll * J_) j»Uk3 j 0Z OsjJkJI 



vv 



iuJLUI3:b-jJ! 



dutU 

|4&tj LJUuLui 



gUJIL&LJL&M 



1A 



OZ 






A A/ 


/vv 


1S 


2 


HI T - 


V/vw 


1 

OS 


~^3 
2 


t= ] 


L^H 


1 


V 3 


. «' 





j*iji ipi*.! m^uiVi ^ ><iui f^i^ui s^i j (<^j ii- y j^-,,t,ti 



VA 



'.LuUilSJb-jJ! 










J*^l a^L3 ol^k^Vl 4->iU! ^=l*UI Y- Y- 1 

J<^— »J| £_ c ^ r u^ jjfc U-^= Jtntl <LuLS S*tljU,„VI 'i_ j.iLJ.I A^=uelil Y/0 ^ jj-v-j".tl a! i <^»tl J o t" i uJ 
jj •\'' : ~— " aJlSjJ aI i LaJl jj (_ y lc ' '-"♦ LJaJI Jtlc .((_£.}l-*-5' *_iis^]l) pa^»-j-JI Jaj i"i 4-)L#J ^_ (j .. .^-< 1 1 ^j^—* » j 



^jLjJI j-iisjJI . ) 





JjtiJI A^La ol^k^t 4>^UI p^i-fciJI IV- Y J^-,,t,tl 



JLc 'Ui ,>.tl JlIc .Jtiitl 4-ul_u dMjU,„VI '£_ JSLa^-illI j_iil_J,l p^— selJI aj^l jJ I o mij *IA - Y J^— .~..\\ ( y^ 
. 1 A 4JI ala i uVI jj •\'^~~' " aj-3E^>- (Ji>- JlJ J 1 4 — — ~ ^» 1 1 Jj ^ a -»",Atl j "j j0 1 O a! i LaJI ' ^j « » >» 1 1 «.l_^jjl J^*-> 5>Jl 

?lj^il J! Hj-t' *'_^J' tS^^ .AJljVimVI ^Jj-pj «j-9 J^= aLo^I JJ jjiij^-itLi j-^Jlj *u *I_^JI lUti^i jIjJj 

^° ' '^J.' L^^-*-^ «Unisj JJ aI ^ uaJI f-^-j-J 'J>5' (j-^- .-i-J-Il f-2j Ji-ic .T JJ Y aLaj^iJI JcdiS ^j^a t;r ».jL>JI 

.0 ' 9)-L<aj| <L3eILS (J^L>- jj^a AjLaJI *'_a«JI 7TJ->>-> J 4JI ala ■ ■■*' /) •\'^~~' " p-^J-* J L H> L 0"^ 

oLsol jj_Ju ^j^— 1 1 ' LiUjJ .^^1 JiILizI «UciisjJ jti>j_<J Ij3^ a~^— >j a. oLsol (j .. .^-< 1 1 ^j „^-.» i <JL>^' J^^* ^ c - 

^_ (tt^auSellU J<<"init Y/£ . jj-^-j"tl ^1 a ,^.tl jj] 1 a-^= .Jaj i^itl ijl^J J] ^j ".'' : ~' . J '^" (j' <_H^ ** ^~V *"' 

■(JjLflJI ^uLS olftlau-uVl 



V^ 



iuJLUI3:b-jJ! 



dutU 

|4&tj LJUuLui 



gUJIL&LJL&M 



1A 



OZ 




>- <s 



4_ul_u aMjU,„Vi £_ jjiLil p^— -»".ti Sjilj /<uj,j 1A- Y J. 



^=^ 



A. 






dutU 

|4&tj LJUuLui 



gUJIL&LJL&M 




S'iIjU , ..VI Jti^p JlP' J-iJ- 2 *^ J^C- J . Y/£ ■ j^j" ALa-us jj (_yic LLaJLiaJl Jtlc 4JI aia ■ uf AjJij -ilj-> tjjJj-aJ 

H'lljU , „V I l£1i11 j-dil-LX 4-uLo^-u (j-tj Mil Sj^l-S (5vaj-o 

(_£jJljJI (J-ii mi" It 4 Jia LLaJL I sjJitl 7e j i ^"j (j-UiJLl t-^J^ J LLaJLLa »j . .<^-. tl jLLa^VI Cj|j CjLjI jla i ■■ * I i_J LajJ 
iij . .^-. tl ^^jlJI CiVjjca J_ftJ-*-i 7r a i nl p^—"- ' CjLaLa-i^ (Jl ml i ul Jj' : — - ■ <\ > (_Ji»-j lLU jj . I Jl>- <LJLfc d)l a I i uall 
JaJLis 2^J3 4ja.ml aj <LujjLo2iI d)l **l q i^aJl (Jj* mi! ^j^-—* ' (jl 5-^j ^_£oLJ,l ^lC p^~~* ■»■" II i ^Lksj »1 i ii <l <— OiJ 
i 4_tSL^3 a j 1 i a i ajLiful jJ-Laj I j jj~-j" LaLjj-is (jl tiltj (JLlLaj .^tt-al 4 j jj^j" CjLaLa-i^s (j^a ^- > "3^' *'3r' 
.A_uLa^j-Ltl d)LJl ala i ujfl (J-ti Milt 4_i^L^aJ| a aJLil /— Laji ) ojjjtj mJJlII /, i nL-u zl ,»La-«^aJI (Jjj Milt 

JjuaJI 4j.sU4 iJl^iajjiVI 4->^LJ>'j^- f*^=u*lJI \~ X- 1 



p^~ » *** ' S ^J I J «. l_L> > i j I la a . 4 Li i"i Ccj-uTd < '.'^~* 'V 



„ ,<!-, ^ ^|j d'il i>U , „T ^J_jc 



:JH" 



*_iisjj| (_jtl S'iIjU. , „Vl Jtj^p .(*^ - V J^—* iuJl) mJjJlJ jj LJaJLLa (_ylc s-Lj-l 4 U Mitl C<-iTl) (J^ ,_; .. ■ < ^-» 1 1 




JjLaJI 4jjL»»| 4JljJa^uL 4*U mi O-uiu 1^ - Y J^-. |fuJ| 



A^ 







J! La*^ 1A J*AJl ioU.! iil^k^Vl (jnj^-t^ 03^ (^lal.^1 ^xiyi 4. :(V«- Y J^iAtl) J»JI 

■UjjLa alll I j 4 ali a 1 V a! Ltall 1 4-Lllojj jij^~~ '"j *JI ftla ' "4 1 (Jj-» '""it Y/V ■ J^j" ALa-i^ (J au 1 u < .(_L>-I jJI 
1 \^j » , V- 1 1 5. 1 aJ I j-uu 1 O a La-uaJ I j j (_yic. JajLtJaJ I Jtlc . J aJLu^s^HJ I JjjjJa ^j-^- Ly-*" J ^><J I «■ l^jj I J I 4jLi^a-« .Z 

a'lljU , ..VI ^jjjj 4- 4-JlJ-Ia ' " *' 2j-3=^>- (_>>■' -S ' t^j » 1 ia I , I *'_a<JI *-a^><J <- ' 1 1 ""' j . 1 V a I i<aj| (J-i ifu-d ^ Y 4 -»" all 
VI ;*-»-j-> V t /— iLj-IIl 4jLiij Jl (j u_l^3 1 ,1 (Jjj^sj Julj 1 l- j » . a a jij-t' a'j La i-Z, Ajx~lo1\ 2— sjLi^l /- 2 ■"" 

1.2 4JLu-a_jltl pj-dJ .(^jLttl 4jt_iisj Jl lo aI i^aJI £->-j^ jj-JI (j-C. JljJI x-3j Jtl£. .jj-tl (j^. JljJI *-2j Julj 
fj-ajj j S*.ljU,..VI *-»-j3 .^JiLttl 4-t.Loj ^ I l£UJl^=> IV aUj^iJI f-s-jJ J (jr ^jL>JI el^jJI Jj IV a! a nail 
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4j \l^l S'<ljU,..VI !3 j (SiLXI j-t£ p^--»~,tl Sj^| \ p ,„j V> - Y J^slAII 



Ar 







jj£±£& IV aI -i uaJL 4_uaL>JI 14 4^elaJ JajiiAiU *I^JI j-uu (VY~ Y J^=lAII ) IS aI <u^a]| jj J-^J Ju£. 

Jtl£. .Lc^JuO jisJl >IJ La 14 4 -»" flJI ^_ ajLi^l ,_ 2 ■"" . 1 A «LJI aia ■ u »> (j " '^-* " aJuiL) /<u a I a i s* II p-^J 

(^^.jLkJI *I^JI Jj IV AU-uai! 14 aJLu^jIII f\j-£ .^jUI 4jl^sj JJ IS aI -y^tl *-»->J jjJI £>£. Jl_JI *_3j 

■J"^— j^ oLsol ^■■j^— tl ^"^— •_' J>^' l>^ i-^l f-^J ^^ .L5-iL*]l 4-t.Loj JJ lLUJl^= IV aI o L^aJI f-^-jJ J 

■ 4-t.iiyj 5-iL^j JJ ^j ,. .^-. 1 1 J 1^.1 (j| J^a 4^=^>JI gLaol j.u.tj ^j^— » i ' LlUjJ .j_jI JlIizI 4-t.iiyjJ sti>^_<J lj_a^ 
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J.Atl S^l f. 1MjU,„VI ]3 j tfuLxj-ti: p^—-»",tl Sj^| \ p . ..j V \ - V J^— ■ 



A» 







aUj^ jj JLc ' *a » ' -" 1 1 JlI£. 4J| ala ■ ■• »> AjJilij .JjlAII 4_uI_<j 4J| aia ■ uf A_ ^jIiLua ^lC p ^— » -»" 1 1 -S1j-> I^j-Jj-aj 
.<Laj}UI 4_uLa^_iiJI SjjIjJI p-a-i^a SMjU , ..VI *_».^j jjJI {_y£. JtjJI *-3j Jtlc .Y/Y /— ^-p.aj 

ORjANDt^wkUlijUU^IuliuLSt- 1 

^_ (j^JjLji^i' J^'jJ Ja^" i*ii < . Jl>-Ij r-j^ta J (j"uL>.Jua «d j ^/\l\ILJj j 4 j 2 La * I , I 4_ila_*JL) *_aJ»JI ,»La-iwa (J-a-<-> 

.2 ^ieil 4- SjLi^l <Jtr><\ u ^-.t JlaJj (jl 2_ 1 (3) J 1 (jrdi^jdl 

Jl>-Ijj da^" i"i < .Jl>-Ij r-j^jta j (j"*-^*-^ ' / l'*'^-» ^ J (Wr"i) jl 4 j 2 La * I , I 4_lLjjlILi (_^JJpJI a La-uaJ I (J-a-*-> 

.2 AjxIAJI IL. r>>- 2jLi! J^- JjJ-ajsil 1 (3) jl 1 (>JL>.jJI i^J^-J £- « Jta^lj SjLiJ 

AND ^^akUl! j^lJIj JJLiUM - I- 1 

lIUJl^s j 1 o2 aJLjejlII 4jlsIj_i Y/V fg J^j" ALjJ-a Jjt mi" Jtlc <Jjui]l 4_uI_<j 4J| ala i uf aJJjj i . )a LLa LI : (_JllL>a 
2'iljU , „V I xs*-j3 (jJJij-I' (j-« Jls-Ij JLc. JaJLJaJI *-3j Jtl£. . 1 O 1 4 Y/Y ■ fcL>.aj .aLa-i^a jj JLc JaJuJaJI Jtl£. 

JLc i_iH==>l 4 IjLja. bjjI jJI IjJal al^— juJLl }L>- Jlaj 4-uLaajj p^— >j SjjIj VY~ Y J^— .5JI 7d-ajJ : (JaxJI 
d)l aLa-Lall 4-ajQieJLl pLiisjMJ ■ La a » i ia I , I ^Ij^JI jl i na *-pJ 1 ^"Uj^-i a *-;Laj>. 4_l>-jL>. aJSjj 
1S1 j>LaLa-^aiI (>jJtjLlJI 2 J^dLfullI JlgeTi3 JJ 1V1 *_<s^>J1 *1 a-uaJ jLsullJI 1(3) J 1 (>JL».JlLI Jj-ajJ 
^ 1 ^ , .*-, t Jl>-Ij (Jio Jtlc »jLjiJ »1 mi<2 4 U i"i x_iis^J 4 1 O^ c aJUcjlII 4jlsIj Ij Y/Y al a i^aJI (J< i"i< . 1 O.Z J 
a Lau^aJ I jj /<-^-i JluC .(Jl*- *-a^>iJI ALa-i-a ?TJ^*- ,_,''" (yJ^J'-iJ 'J-^J^ Q "^ AJNJJ Jaj_ilu (jl^ . 1 \ Z x_a^>Jl 
4 1 V2 i Y/0 (jy ^_t>.jjJI a La-i^aJ I (J-a-*J L-i-ib .*_a^>JI ^ I a • ^ ? 2 (Ji-J JlI£. ajLil I ji i" 4 1 o 1 4 Y/Y ^ j^-s-j'tl 
daj_ilu ( jr «i-l 4 1 O^ jl 1 O 1 £*< ^1 o LtaJI {_ys Jl>-Ij ^j^l (J-lJl i"i"tl x^j I jl . I A 4JI aia i u »' ^j u-l^3 a aJl^jj j 

a I o uaj 4j-aL>JI 14 SjLi^/l ksdis s-'j-* pj-^y •l^- 5 ^' «Ltxij JJ p ^— -»-" ! I ^La-iwa *-=j->j j AJNL) 
lV2^=Lr^! r 1^=^^.1823! 1S1 u^La-^l^j^J J^U^^jUJUI^I JjlV2p^=^iJI 

4J1 ala 1 u »' ^j ".'^~' a f~3^J Ar ' ' ' ' ""' a l5-^'-*^' t L<-'-^J JJ 



A1 



iuJLUI3:b-jJ! 



dutU 

|4&tj LJUuLui 



gUJIL&LJL&M 



1A 







AND AJUii <t **j| f u^j (<^=^ui s^sb vy- y j^=u 



AV 






dutU 

|4&tj LJUuLui 



gUJIL&LJL&M 




.:<Laj}LJI A-uLa^jjJI SjjIjJI p-a-i^a .^j-UtlLlLa Y/Y (/"iM 1 ^ 1 4-fljl i nil p ^— » -►" J I 4-J a-£ (_>"-<2-> s-'-it jj^=LAJ t(2>J>X-l 



C<-Liiij Juu VI 1A a*tljU,,.VI ijLali V .(VY _ Y J^— £J|) (Jlj ,Ji«-lj 4_uuta 4 U <"« Jjt nil jljj tjjj^j 

J-^-jJ JsljJI *-2j Jtlc Jl jjJI JLc JljJI *-3j Jtlc .aL^-us jj JLl LLai tiaJl j JsljJI <UljJ J 4-li i'~A\ 

./<u-ujJI J^ CjLstlaJI aLJ9jI j '"" al ^ ,^.tl >LSjl Li-LLa <LuLa_a-iiJI SjjIjJI pu-ujl .(_£.iL*-JI I j » i a a JJ «LJI ala ■ ujfl 




aUA J^mVT- Y J^-,,t,tl 

f-^p Jij-J' L>^- ^t!^' ?-^J J^C- -(J^jj L^- 1 Lh° J^^-'j jj Ly-^- ''" JLiC (J-«-flJI <LaUj 2'<ljU , „l ajJijj ^(Jl-La 

dll al -i uall 4 a I" -»■ 1 1 pLiisj^U i Laa » i ia I , I *'_a«J' jl i na f-yo .L$JU_a^=3-a j>_Lqj>. 4_l>-jL>. 4J2jj 
£m al n ,^tl JJ ^QajLiII Y Jj«u,"it| ^TlLllojj JJ 1 V 1 (^JJpJI aI o L^al! (jrJ-*jl^JI 1(3) J \ (>JL>-jJI J-i^jJ 
Jtlc »jL<iJ I Miil J 1 jZ jl 1 O 1 (. 1 1 uLlXl a I o uaJI (Jji i"i< (jJjj-I! jj-a Jl>-Ij j^j£. i La-i tiaJI Jtlc . 1 O.Z j 1 O 1 
a La-uaJ I (J^L>- (j-a ilaJLuaJI SjLfuJ jjju j OK. Jaj-ii pj| . 1 V 1 ^JJpJI a La^all (j-G^L^' l(-3) jl ^ i^tlill 
4_uaL>JI (_ojjj-£SjJI Otla (J^L>- (j-a Cj^LoJVI (j-a sjLi^l (_^JJpJI ALaj^aJI *_La-i .Y tCbeTt£ JJ ^JJpJI 
< jjJI {j£. JljJI x-3j Jtlc <LJI aia i u 2(1 aJl^jj j 1 vZ >^^-i-»-"tl iLaj^s SjLi^l JJLiliJ .Jt loiXI j-t£. *•' a i^a-ll ' 
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JlIc a'.ljU , „VI ;»jjjjj .(VO - Y J^— > .".tl) jjj^ta ^j^a « I- a JJii] JjuiJI <Lu1jj «LJ| aia ■ u| J o t" i uj :j2>Jj-C-» 
• l_£.iL*JI I j » i a j J I 2'<ljU , „Vl xjj^j ((J^oL^aJI L^ajjjj Julj .AjJiJL) Jt i"i< (JIJlJ jl (_£jJlJ jj (_ylc- JaJL ia 1 1 
aLJ9jI LLllo A-uLa^-iiJI SjjIjJI /o i njl 4J| aia i u^ 1 J *l^-» tl ^JlSjJI ^ a , „-r~] Y/V ■ J^j" aL«3-i^ (J *" ' " j 



■ /O I njJI (_yic '"'' -»"^tl aLSjI j '"" al ^ ,^.tl 




ol>^<>« £-ki>J^ Vo- YJ^i 



1. 







Jl a JlSII I 4_JL>. ^_ S'iIjU , ,,Vl j_ajj .Y/Y /_^-La.aj aL^-i^ jj ^j^l JljJu JaJi uaJI Jtlc «LJ| aia ■ u| aJlSIu IjjLlLa 

Lflju a j Jl 2'iljU , ,.VI *^>-j3 .(Jj^l J>II O-C- J^' f-2j ^>-J ^1 <jyj^' JlP' ' " * ' ^-' * •->*■' al a ir-) J t mi j (j| 

.(>ukL>oVI IL. S*iljU,..VI ic.j_i^j p^-.->"tl i_u>«J .a JjJl»- ajLil U ,_, La »" j| JJ i<lt*t^-. (jr ljj j.(_£jL»-!I 

}L^= .(W- Y J^-,,t,tl) Y/o j| (VI- Y J^-,,t,tl) Y/l (jg j^7>UI u^U.^tl ^Jl^I JUr.,,,1 o^tflj 

mJjJ Y/0 j Y/£ £m al ^ ,^.tl jjj (JL2j 4 i ..^-»1 » ^ ajLjiJ N ' *"' ' " ' (jl Jj ' »fcH-* '"'"' (jr*- 1 ^ 5 ^ (jLiaAlao (jl *" o LtaJI 

l^i^U. SjLiiyi Qj^aj ^1 SjiAJI ^ j^i*3 4-u^j, a^JI oju*. .(Memory Function) Sj^=l jJL> J^; & 

(j^l £m I Sj i " a I a ft J (_[_j^_<kL>tJ^?l ^_ 4JI aia i u »> <Lcj_uj 2— Jj^JlLJI j^^L^j^s p ^— i ■»-" ' -(JJ* iVitl ALa-i^a Jl 4jLi^j^a 
icj_i^JI IL. p^-i-ielll faj (jl£ 3^ l^J^' J^ (^Jljt"""^! (j-« JJ^" *ljjJI) Hj-U *'_^J' (jl L*^J .1 o^j i>i^ 
*l^jjl Jl>-JJ ^P-J (jr^lj^J^I f"^^' 4r 1 VI p^-,-»-",U j .^.^ J-i^jJ .AjbJI *I_^JI (3^J3 '£- p^ 1 — — ill j-4> 

.C-^>.jJ| x-iisj 2— «LJ| ala i u VI ,jj^~~ '"' J <LJ| ala ■ u2M (j •\'^~~' " f"'jj •*-#>■ <j-° ' "J LuaJL I 
p^~~ ■-►" " aL^-uaJ <Lu=L>JI ^ 1 p *^- i ■*■" 1 1 <bui] SjLil /— Lajt-d 1 O 1 ^1 ^ i-^ll Jjjjlj jj-II (jr^- '^** J^-t£- 

<j| aia i ujfl i La a » i ia I , I s-I^JI (Ji>-JLJ - > SHI 1 (j •\'^~' U 4^>- ^j^a <j| aia i ujfl JaJL : -" j 1 V 1 a I n LaJI (_)^3-*-i . 1 V 1 
(JISj j—ILlILij .l^j-Lre.a 1 VJ ^SJaJI AL«j-i5 (J^^>- £y& ' "j 1 ^ 1 J Js-^ OJ^ 1 ^ * ^ (S^JlIjI aLj-i^ (J^L>- (j-a 
Jtlc . 1 O 1 aLs-i^ jj ^j^l JljJI ii^j Jl*_i (_^>- (Jjt ("i"tl X-L&J <4r A » 1 a L^-uaJ I fyS-Lj <j| aia ■ ujl a JlSj kcj-uj 
a L»juaJ I (JJLtuj . 1 V 1 p^~~ LgeHll aU^aJ <U^sL>JI iZ p^~" LSeHll 4j*Tl3 4t- 2jLi| I miM 1 jZ a! q LtaJI (Jji i"i" 
^j^a AjLtll *l_a«JI ' ^J '-"_' ^j ■■j^— 1 1 «^».jjj ^j „j^— 1 1 pljj i^>. (j_a SJljia ■ "^1 i La a * < a 1 , 1 *l_a«JI (Ji'-Ji-La 1 V 1 
JLc LLkaUta 1V1 p^~- *""'^ f»L<3-i-a ^ S jj lo-Z aI a i^aJI jj (j£. JaJI *-2j Jtlc .1V-Z ^JuJI aU^s A^>- 
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J^— » ■"■ ' S'iIjU , „Vl ^jjjjj .(VA~ Y J^— > .".tl) jjj^ta ^ya *_La3 (JJiiJ (JJuiJI ^.uLl) 4J| aJLa i uf (J o t" i »" :£)Jj-aJ 
4JL3eJt.ll 4jlSIj_i Jt mio Y/V ^ j^i^j" iLaj«i5 J t" i n \ Lt^aJl aaja) f-^p J l^J^- 1 jj Lr^ 1 ' * ' '" * J if (J^aL^= 
SjjIjJI (O 1 njl j3-^' (]>C. JljJI x-3j Jl*j (Ji^* L^aJt^J SMjU. , „VI Jjjjtj Ol aia ■ u^A 1 (JjoL^=lII aJuIjJI (j 11 1 n-*-"t 




a'.ljU,„VI a£.j_ij/ iL. p^— — ill j-« o'j^ 0-" j-kJa ,J2J VA _ Y J^— . 



*r 






dutU 

|4&tj LJUuLui 



gUJIL&LJL&M 




gj^JI j>jjjj) j>UhaJ) uULu^J *V- *V 

(J^J-1 jj^O «_j^ tntl A.}L»JI Al_«.J-ilJI Sjjl jjl J t"l ( rM . JL>-Ij (jl £- 5JL*Jl! I AjL^lj (jy Ll 

.(-jljJLizI I j » i a j ^J\ sJmJI p-^-jl 'ui* '"'"" /y-aLa^s (j-« Jl>-Ij (jc LLaJLuaJ I *-3j 







^ifi. l-<^r>l i Iji-ta. aj^ljJI Ijjsl 41^=lA«JL! }L»- JI4J A-ul a^u p^*^" Sj^lj A*~ Y J^=lAII aJlSj :Jj*JI 
*_iisjJI 2— '"" *< uaJJ <LalJ3e 1 1 f-Liisj^LJ 1 Laa » 1 ia I , I vl^Jt jl 1 na ?-f^ -V^\^^=i~a j>_Lqj>. <Lp-jL>- ^JJ 
^Lj-^sJLi 4j-aL>JI Y istLaJI jj^ 1 — " 1 -1^-— .lbt iLstiJI AjlsIj-i al a L<aJI Jjiu,i"t aJLLcu rjj3 c^ljaj^l 
jj^~~ '"' (_£-iL*-JI x-iisjJI Ijok ^_ (j " j^-* II f"'jj i— <jL>- jj^a «LJ| ala 1 u^ 1 Jj-isj^a LLaJLtJaJ I a 4 ali a *_j^ 1 aJl a.}L*JI 

1 (3) j ^ (>JL>.jJI (^yLi 2jLil j : ^ ~ ' 1 S1 aU-^I jj ^i^. .Ui.^t) jj^. .c^>.jj| aJL». IL. i*<IjU,..VI 

a L».L<aJ <U-aL>JI ^ £ P^~" '~-"'" 4_^lnJ sjLfu^l j-j*3 j /\IML» Jaj-ilu JliLLlS TV! x_«j>JI al '^\ (j\jlsCi1\ 
j-oJu .aJuiLlJ (j .. j^-i 1 1 (_<jL>. jj^a a*»ljU , „Vl , Uj » , :- 1 1 *l^jjl ,Ji>.JtJj \ V t— al <\ uaJl ji i"n .1 V^ (O^za-^jJI 
(j-a Hj-ll *lj^SI rj^>J -1 V4 al q^uaJb 4_caL>JI ^ iseliJI Ju£. .Ui.^tl j^ ^j ^Jjj 1 V2 al uaJI *-^J 
(J^L>- jj^a ^y>-jL>JI s-'^jJI JJ Sj-iluLLa *'_a»JI (J^J^J fj> ' "" aJl«JI a La-uaJ I tcJIoj j L^ajt^j (J^L>- <j| ala ■ aVl 
jju-u\^,\ (jl I -i^~~* ' ^^J LaHJI daj. ^_ j^>-l aL«j^5 ^ l> "3 j « ^^ J '.'~~~' *"^J ' " ' ^J'j^ i - i - u ^'' (AJ^jj .Y r-j^>JI 
x_<^>JI aUj^sJ AND ilaj_<i (jr iL 1 1 S2 jl 1 SI (j^aU-uaJI ^^iil daJLuaJI «^j JiJ£. .tlaiJ! ! juk IL. Sj-u^aS 

(J U-L^3 a ^>-J-l (<U XJ^ I ritl AjLtll A I UaJI (3J-*- 1 J L^- i '-*^' 'L*- l -^J (_jl] 1 V^ (O^I3^!EjJI ALjUjS ^"J- 1 -TV! 

2'lljU , „VI p^J^-J kcj-uu i^_ p^-i -»-"H T V\J ^3^^^' aLjj^S J t" ( nj S'lljU. , „VI 

_ Hi _ 



iuJLUI3:b-jJ! 



dutU 

|4&tj LJUuLui 



gUJIL&LJL&M 



1A 



1V3 



8 



1V4 



1V2 



1V1 



1S1 



v. 



a 



F<> 



• 1 

• I 



> _ 



57 



J L 



1(3} 



1S2 



vw 




I 



OS 



0- 



<S> 



jl 



V 



5}^ 



/wv 



VT 



s 



J^ *.-.tl 8 .- SUU J.Atl i.^lft SMjU.-Vl ^ ^ -,tl ^ s A»- Y J^-,,t, 



*» 






|4&tj LJUuLui 



gUJIL&LJL&M 




aJlSjJ .(A^ - Y J^— ' .".tl) JjlAJI <LaUj aMjU , „l /_lc (Jjji^ta 1_JL9 (Jl at" i nU 4_^=i_lLu/}L) 4 U i"i pJL*J tjJlILo 

p^>-j pub .m£jJlJ jj (_ylc ' La » ' ia 1 1 Jtl£. ■ d ^^~~ '/*' ■ "N -"I 4 U ("itl ((<^J jl (<u-uj jl 4-a^J.c *_iisj) ^jitll i_JL2JI 

■ S^-jLt-a-U (JjLS puililtl JajLtis Laj-ui^a sjji^ia 4.a-(JS JJ 4*<ljU , ,.VI Ji^lj *l_a<JI LLaJLca pLflJjl jJLc (_JLaJI 




C^ v"^ 1 



dU,*:, ^\f pj»" ^-^— * A^ - Y J^~- -^ 
SjjIjJI *ljll AJ^aui^l! >Lw JiUj A-uLa^-u p^-^" Sj^ta VY- Y J^ (U| ajJL :Jj>JI 

d)l al -i Liall 4 ii I" ie U f-Liisj^U i La a » i ia I , I *'_a<JI jl i na f-yo . L$jLJa^=3-a ,*-J-a->- 4_l>-jL>. 4j3jj 



C-|jj 4 La i ul a .) 4'iljU , „\t t Ju-aj^a 1 La a LtJaJL I *'_a*J' J 4 U mi a j-t^l '"'1 ^1 a ,^.tl *_l«j>- ((-jIjJLizI *_iisjJI A_ 

Cj-jIJijjzI 4-t.Loj J-*^- Ar ****'J ' " ? I (J ".'^~* a (j*-^ 3 '-M ■f'^^J-^' f-^S Ar (J "J^"""* >_/ * " '-^■■- L:vJ (J ".'^~ > 
Cy l^ .Ui.^tl jj£. .^IjjjVI L^»-iis_aJ aj^ljJI p L>-jV Y/0 ^y^LN-jllI aU-L^ai! f-jLlJI cSjJ^t' J>JI J-Lt-cuJ (-.cjyj 
.1 V^ p^-i-»-*itl J^jl 1 ntl aLa-L<aJlj 4-uaL>JI 1 4 p^ Jell! I 4_^±3 JJ 2jLiJ j_<jj jib aI uaJI J t jij jj-t! 
*-3j Ijj .j-p-^?l I jufc aJl£LJ ^..j^—tl g^-w ^ SMjU.-.VI , Uj ; , >, 1 1 frljJI <Ji^Ji_i3 1 V^l aI .^.tl J t mi j 
4 U i"it I (JJ (j u-l^3 II p'ji (JjJ-aj Jtlc .LjjLj 1 V^ a La-L<aJ I (j-tj (""< X-^J /— S-uJ 1 O a! LiaJl jj (2>£. JaJI uaJI 
.(_JL2J| 2j^ pLajjl i^_ 1 La » 1 a ! I pLfljjl (. ( j i d"j .(jjjj^aiil i^>. (j^a pLfljj^?l i^_ 1 La i < a ! I IJljj j 4^=j^>JI lJi^jjj 
(j u-l^3 a 4^>. (j^a 1 La * < ia 1 1 Jtaa. /J J 4jL^sj^a 1 V \ ( _ ;t jlj L'iI'J I 1 La » 1 ia 1 1 a I <\ uaJ 4^sL>JI 1 C. p^~* aeHJl «UtH3 

_ ^n _ 
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^ "j^— II *^>.j-l£ 4*<IjU , ,.vl ^j "j^— > a plji <*■$*■ (j)\ • ^j *-niaX I * l^jj I j_<j«_ta 1 V^ aLjj^JI J i mij 

.(-jljijj^fl «Ltiisj Jl al o LtaJI ljufc Jti>j_i3 (_*-)LlLjl JaJI tJaJI AL«a-i5 ^_ ilaJi tJaJI (JJL) «LJI ala ■ u2M p_^>-J (J^L>- 

■ a! <i i^itl I Jl-J 4_l3 jjj^J-' 3 
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(_JLUI J-^-JJ .(AT - Y J^— iSJI) JjtiJI 4_ul_u S'iljU.,.1 ^ylc Jjj^^ta C-Jl-3 JU-CliuLi £j. 



^=L. 






I 2 i i "" aJJi^ta 4-^.ta (JJ <LJ| ala i u »> (Ji>-IJ *'_£(J' JaJLis f-3j-> J ^LaL^= 4*tljt-» , „VI .j •■J^~~' " f"'ji 7?3J^- ^ £ - 
pljj J Laj LaJtl£. (j •\'^~~' II P_**-J *J'-"'l I "*-^ J aL^aul r-jj_>JI i \,~„^—,\ AJUtCj 4jlsIj_i aL^-i^ J o t" i u ) 




4 1 1 ui JLc (j2t2J 4_Ll^=Lo AT - Y J^-— ■ 
4 '^— » u i u^ ' 



HA 
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:Time Delay Valve lkUjil^UVIj»UwuLiuiaj A- 1 

(_^jJlJ jj JLc ' La » ' ia 1 1 Jtlc .(A£~ Y J^— > .".tl) ^^./«la ji|jj>.i i La » i ia 1 <JJt-iiJI ^JLJJ 4.JI jia • u| (J o au i m"< IjjLlLa 
>tj>-^3 p3 1 — O SeCOIlQS 4_jJLaj ajJ, <UjL) «ij| ala ■ ■■ »l /_2 ■" aLjJI r-_aj^>JI Juuj .Cxj-lUjI <j| aia ■ u| aJuIjj 
f-^p LaJtl£. JljJl>- <_L3-C sj-jI-S IJuJ 4J| ala i u JM pa^>-J 2j->L*-« ^_ p ^~~ LSellll (_o.j .^JulII Ljju a a ! Sj_i1uLl« 




<L£.LaJLa *ljj>.i i La » i ia 1 <J-*-<i]l '4JJ1-2 4-Jl J La ■ u| A£~ Y J^~* ■"■ 
IA 



JLi ' . <^r>| i ljLL>- ajjIjJI *lj^j <A^=» iJ-oiJ }L>- JIUJ A-pLaa-U p ^3 >J sj^ta Ao- Y J^=lA!I AjJL : (_L>JI 
t~\\ A *, i^.lt 4 li I" je U pLisjM-I i La j « . >. 1 1 *l_a*JI jl * na f-^J . L$3LJ4^=3-a j>_l^>- 4_l>-jL>. ^9jJ 
(_^-L>.al!| a 1 o i .a 1 1 f-jL-JI (^jJljJI jj-II Jj + ifuj i_cjvj ((^yjljoj^l 4-t.iiyj J-^- <4- <*-J I J-ka-<-u 2 1 (j "j^-— a ij^ 3 '-*! 
aJLje^ij 4jlsIj_i a 1 a i .a 1 I IJlC La 4-U-iTu.a j-t£ CjLaLa-«^aJI f-J-a^- cL-p. .^1 JujVI Lj » i a j ! SjjIjJI f-Lvj^/ Y/0 
.p^».jj| /*-<-^J 4: U".'^"""* Ly^ " i ~- , t. l> ' j (J •\'^~~' 1 1 pljj 4^>- (j_a <LJ| ala ■ -^ 1 Jj-isj^a i La a » i ia I , I *l_a*JI J ' 1 O^ 
^_T O^ a! o LaJl (J-a-*-> -(JJ* '""ill *JljJ <-Laj ifa^a (Jjt i"i"tl x-^sj 4r- 1 ^^ j lbl (jl al a i*aJI .jj^"""* ' (j' L r xj< j 
aJl£. J-iisj i^l (^-iL*JI 4jtjLaj Jl 1 0*1 aI o L<aJI f^-fS S*<ljU,..VI ^jjjj J If Laf i La a£ a'.ljU,„VI £a^.j aJL>. 

I T - ^ •»-" a 1 1 (_y j * J \-lJj\ j_aJJ«-i 7r <i hi t _a (_^ JiHi] I 3- e^i a * I V I x_«_>J I a Ljj-is >jj^~~ ' ' ' (J i* '"'"' ' ' * ^ '-i 3 ^-"' p- 1 I i] 
(j ..j^— 1 1 i^Jlj^ <j|jla i ■■ »l Jl i Laj i-uaX\ * l^-J I j-iajJ 1 Vj a La-L<aJ I X-^J J- L *-1 ■* Vo aI a L<aJL 4j-aL>JI 
.(>— aJjJ-aj]l s-lj-A 4r p^~~"*~ ') 1 VO jJjLJkJI a I a i <a II Sj_iul>3 ^j£. <j| aia ■ u »' aJlSj kcj-uj Jla1«3 .ALaVI Jl 

.1 O^ a La-LaJ I jj (j " j^-* II plj^ '^ J ' V -1 -*- 4 ^ 5 LLaj) i"i <Jl J La ■ u2tl aJl^j Juljj 
JjL_JI ALa^JL ^^UJI 14 4^IAJI I2_ SjLi)?l Jljij 1V1 j-^l ALa^J AND iaj^i^ytL <^Ui Juu 
!tj>.j_i (jl Jl lbl a! o uall JljJu>JI (J-iJi i"i"itl j3|j Vj .4-t.Liyj j-ti>.^ll Ijub jjJb (jl (JJJ 1 VJ p ^~" '**■"" 

.(^jIj^j^I 4jl^sj Jl AlLaiJI 
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4_iiajJI iSLc^M a I o i <a I «_jLlLH *I^JI (jl>*" '^4^ J 1 OO a Lu^aJ I J * ilij t <iU Mill ^IJ ^j -j^—^ JjJ-aj Jtlc 

oIj^kJI J».b .U;.MI ^Li3jl Jju^ j^bu .1 V2 ;|_ ^jdl cy^-jMJI ^UuaJI J}U ^ *>LLaVI 1 V2 

aLj-i^Li j^^LJkJI Y/Y a! ^-uaJI (Jji i*ii< £ JaJI tiaJI *_<2Jj_) LaJtl£. . 1 V^ ^_ 5y_« jJJ JjjLJkJI a I a LtaJI 2j_)L*_« (J^ta 
j-ca-l! 1 Vvj al -i LtaJI X-L&J j-l<Tli . 1 VvJ r^^~~ ' '»-'''" A I -t I <a ) <U^sL>JI 1 £_ 4-LllojHII J I ajLful JJAJ J 1 V \3 
3j_i1jl>3 (j u_l^3 II f"_^>-J 4- c -J-'- u ^- J -^ ,J ".'^~ ' ' ?- : ^>-'^ (J "J^"""* P'J-* **-£*■ ^''J'-^ ' " *' ^J-*J ' la a LuaJL I *'_£fJ' 
«.I^-JI pj-o-i J TOO a I o i<aj| ^-i-^J j-LtTu i «LJI ala ■ u 31 pJ^-J (J^L>- -1 »4 4jr t>-j^UI JjjL>JI a I o LtaJI 

^jjj .1 S3 aUi^iII j (jr A>.j}U1 >U<^itl J>L>. (jj« (^^jLkll *I_^JI ^1 1 V2 aUi^iII ij\j^- ijja lLjJl^J.1 

<^=L^el!l 4^cj3 q£. SjLfu^l *-3j3 (<U .^jLfcJI 4_t.ii?j J J 1 Vv3 aI o L^aJI J ^^UkJI Y/Y a! o uaJI fj^-J J I <-lUJ 







Ja^pji jjj^J c_^o .(Displacement diagram) ^j, .^^r j^ji j^\ic ^l**. i%>^ 

S^.ilj p i nj A. *JljJI ^j^— » i ' i 4_LulXI Ja_g^ i"itlj ^LajJI . t-> U -»■ 1 1 _L)J^>o Juu -(JJ* iVm 4_<JL«X. <utji_u <U^L>JI 



i^— »-»"t 



Roller lever valve with idle return J^U. ^.j ^ aJL^ji a^Ij-i a u^ • 

Time delay valve i^jJI aSLcVI a U_^ • 
Double pilot valve (Reversing valve) o^u^ cejjLiL ^Vi *U^ • 

£juUyUI f&ttl Y- <\- 1 

Jtl£. .A1~ Y J^— > loJI ^_ (j-LiA jjfc I -i^~~* (j -1 J ' "I aI J^Jr" i "Li 3X3"° J! OJ-^ 6 - Lh° i* Lr^- 1 -^'J- 1 "(J^ 

(_£JJI (_^Jliiil J".'^"— M pLai 1 j ♦ , ^"j (jjJtXI (j-a S.U^tl ^ajil] (Jj^l S-Jl^Jaa-t-uVl aJJijj jjJI ( _ ;r Ll ilai uaJI 
aJlSjJI f-Lisjl Tz-l&J .4_uQJLi ^g.^.u.0 Jj^il <Jljia ' u 3f 1 ?^>->J <LtLi2JI (JJL) Jm.1 .^VjJLI ijLsoLl I j« a > ' ^JjjJlJ 

J aJl^jJI Jtlc (j •"^~* 1 1 f-Li-isjl 1—Liii^iaJ (_jjJI (J-«L>- 9"9^-J J 4-Ue.tJI 4jlS|j_) CjL^sLjj^s aJlJt" i u ) i_3jjjj tjJ^JI 
tj- 1 " )l aia i u > I C)J^~" '"' < (_yjl J^J-i^i I ^-tijJI ^_.Y/T /— ^-ta.allll a! -i i^aJI (JM-^- (j-a ^ii^ 1 *_)'-"'! o *9' 'f^^J^ 

j 2j 1 a La-LaJ I (j-tj ioiJ Ja^" i"i < .Jjt i""itl X-^sj ^- ji' x j'~~' ' 11^^ J 2jl (jLaLj-i-iiJI Lai po^j-j-II X-t^J 4r 

.2 Ju»-lj aj^l J «.| j| (J^-l (j-a lot a! <i i^-itl jj (jyic tlaJuJaJI 



^ . \ 







: A-JLllI Ja-ljJLl J I a "<rtj j J}Li^ ^ SjGIjJI I^=j^ JLi Jj 



lA«%k^Vlfj£2 <== t^i^-2Sl jlSl :JjVlii».jII 
2 A SMjt — Vl ijt^li *n ' JjL<i>s 1S3 :5_ijLjJI ils-jJll 

1A iii^k^Vl ^j3 <^ ji_j^2S2 -.2hl\hl\ a».jX\ 

2A m^k^Vl ^>3 <=^ J^ 1S2:^!jJ! iU^xi 

(Initial position) ^Ij^I^jJ! <==" Ji^a 2S1 tJjVl *i».jX\ 

(j u-L^a a aJuijj j t 1 V^ ( Y/0 ■ j^j"" a I t ljJi " /*-*-^J j-l<Tli i lul aI -1 LaJI jj (_ylc *-3jJI Jtlc . ^ 

.(jjjtil CcJvj (j-a AjtlaliJl *-3Jj .1 A S*iljU,..VI 

w J^~"J r 1 ' ^ f-^J J- L *- i ■ ' ^*J . 1 ' ' (J-a-<-i ' L$-«JiJ2J Jaj i*ii <L)L#J JJ T /\ <LJI ala ■ ajfl (Jjj-aj Jtlc . Y 

■ JjVjJ,! oUol S.U^tl .3 Jj .2A SMjt Vl (jji^aua aJJll^ i 2 V i Y/ 

. 1 A <uijixu,Vi (jnj^-ifl j-^-j^ 3 1 V2 r ^~--ti 

p ^— » *»■" 1 1 .aLa-i^s xjisj ^j-»Juj j I O^ a I o iaJ I (Jt i"i < i L^£.^>-j Ja^ i"i 4-)L$j J J I A\ 4 11 ala • u 21 Jao^sj Jtlc . £ 

.(J^aL^aJI «Lc^>-j Juu cOl a La^aJ I Jt "<i\ j ^A SJI aia ■ u2M (jjij^=jua f-^J-j-i .^ V 

.1 Ol a La^aJ I jj JLc liaJuJaJL) «JljJl»- sjGI J I JlJ ljI '^— a ' J ^1 JGj^I AjuJsj JJ a I la ' II £->-J (jVI .0 
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Jj^j-a J! oj^" <>> £^ J^J AV Y J^=- 
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*_ull!l J <-^ All Lai .CjI i ri-ra j 7c_uLLaj CiLoLj-^o jjjo ■ "I "J^'Jjj S^~~" p*^"* "*''*'" Cju^^slX 4jJj (_£ JJI J >-^ All 



.^ .*. 
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Direct current and alternating current iij^\jiui\^j^LiX\jLp\ \ - V 

4 i - *- ("ill (JJLi pjJ .(Jjj-isjj J _J 4_«jULa j J^^>- j 1 '^" 1 ^j-" 4 u-.^. , „ i II a ^ A i» j^— < 1 1 2j_>ljJI ,jj^~~ '"'"' 

4-fliLa ij^jljjl CuL£=> 

.0- r J^-.,t,tl) ssj-tiji.-ti JJ ,-,...ti jir.ti. jii^j^ti jir.ti j.^i^y.^tHA 
.Direct Current ( DC) j^o^IIjLlijLijLliji Ijla^h.j j ^dulijlj^ j^Ij^uji 

. AJjjta jjjJlJ £JJ^> J 2j-2JI J tfLso^l (jlj_<ju jLp-II J Jl^j>JI 3j-^ O^ aj^l jJI 4_ jLp-II -^J-* aJL>- 4_ • 



J- 



Direct current 



jLp 



<- 
_> 

u 



Alternating current 



Time t 







Timet 



jj^aj-Il (JjlJLa J^Ilil jLu-I' J j o" i nU jLi^I' («-"J ^ - ' J^""* ■"■" 
Jjli-JI X-l&J 4- p^~~'*-" 1 " 7"l"ii a .jj^""* ' LaJuCi .( (JliUl IJ-4> 4r (jr^ H>4^ = T' ■"■**) (J-4^>- J p^— *- ■ 

Jasii ji c_juji c-ck^i (> cii^-^-ttyi .ijj.^3 .(Ujisii) j**ji j>u ^ jLlUI jfljuj (ON) 

^_ a i n I j (*.3tP' Ly^* / > -p- < ' ' JL«k (j'j L« _J < <Jl i ii II Jj i_<j»-jI,i ' JaiUI £ 



4JL jLjUI oUol JJ jLAj (jL^=> i-<l'.j^"^^Nl , al .y-.^j jj^ .LAL_u j-^=J> U-^= j-^-tJI jji^it, c_^.yi 
LuU ^lAJI oUJ^I 



.> ^ ., 
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V=12V T±T 




DC circuit j ^ , „ « jLp s^b ^j Y- r j^^h 

Ohm's Law ftjl^li Y- v 

(jL^= I jl 4-LLt.a loLa (J^L>- Jj^Juj (j| J^H^ U ^~~ l "1 1 1 (j-«J ^-^.'J j^~*^ CjI i-=r Mill Jj^JJ 9-* (jr^^J-d^ 3 ^' J^rP-^ 
^_ ^Jjus^a^s 2jL£. (jj;L*_dl a Jl^t" i a s J <aJi-L>. 4_liL)j J^~~* Cj^Li-iS^j^a j^yjk 4 ,>./ill j ^^iliVI J (j ul **■ Lll ^-— > 

Electrical resistance 4a$L>^=JI JUjLttl 

CjIjJlj 4 ^— j — " 1 1 <"<l*w^~^-.NI a I jJaj^a I Ju£. <_lUj> C-sJu>o j ^,'Jj^-^ jLOil LajLla l5 Jl ^ .ilj-tl <J^= 
/- <i i uJ 4_JL*JI 'LajLiii! dlli -i'j-U .<UL_ULxi> - ' 'J J ^~~' ' * 4-L^^J.I -i'j-U 4_ajLira I j ^-»j *- ■ 4 ajj» a <\JL^>jJU 2_}LU 

Source emf j^>a\ ^jju^a 

i"<l'i^"^— 1 1x1 ( j J o (_^Sj i_c5-^J,I ' JaJii I 4r i ' '"""'Jjj**''^""' Cy l ^* , " <?l i-lLLy _1^>J! j J L<aJi i_Jl 1 aJI ( JaJLlI 

.(electromotive force) 4-uL^aJ| s^m 3^ I jla ^ <_4>i} t^W j 



.> > v 







.jLU! jIjjj jl^jjJI 3>a j>lj lil • 
Electrical power ^SL^aJl Sjj^ii 

j c^yicl S^jlUtl £aLLa]| duL^= f^H-"^ J^AJI (jL^= Ui^= J JiAII St Ij; SJaLLaJI i_3j-*3 i L^3i-iJL^3-iJ,l 4- 

.^j^ajJI (jyic Laj_i_uJla JJLfoJI (_& 4 ja Hal I SJaLLaJI ^j^-— " 'Ljic. 

SalUtj L4JL1 1 '>■_'? ajjJUl <-3j^»3 <_lU jij j '(jr^l 4_uLj^^= ajJ9 <_lUj C-J LaJ L*J>"-u A^UaJI <J^>o (jL^= LaJL^= 

.<LL>-jJU 4_ul_lj^^=JI «GjjJ3 <J-a^>J <LuL)j^^=l!I ajjuill ^ a 1 uJ 

P = V. I 

Voltage (Volt, V) 
Current (Ampere, A) 
Power (Watt, W) 

..Z4 V Dv_/ (_£jL_uj j 0" i n a Jl£>- 3j-^ ^ j J irm\ Y/0 ^Lo^jj Al_a-ca cola i^Jlslj : < _ y ILuIaj (JlLo 

Si dill a j Jus (^ La .60 Ohm ^jLj 1 all, I i-ajULa 

t^jl (jjjLa 4 La 1 ul aj jLpJ' '- ' ' "*>J "(_Lxll 

l = ^ = ^ = 0.4A 
R 60 

P = V. I = 24x0.4 = 9.6 W 



J-^>JI (3^3 


:V 


jLf^l 


:1 


ajjJill 


:P 



.> >t. 
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Function of a solenoid LililAidij T- V 

.. — mjJaLUm 



^jljjtt i_ti3 I j i a] a 







<-..:> 



Structure of a solenoid, ^^h «_*ui ;ll 

:(j-a i_flJUI (jj^~>"'J 
isjJ9 (j^a JJJ3 4 - i^~~'b"' a *J^ J^"""* ■"■" i aiXI (J_j^- ' "J LaJ^J I j \j *— • " i aJ a (J^^** ' a j a 1 a Jj-isj^a • 

.(JLx-aJLJ (_ y ^u-uj ijLsol ^_ 4 1 1 1 in a /- i inVil_Lt.U (JL>Jkl 
/- i iijr>LLt.U (JLsJkl p -»■ i >» i j JljJu>JI LLa-LLaJ jLl'JI ;_g^ i ii \ Lajiic. lLs i uaJI ^_ JljJu>JI ^ys C-JLfl * 

■jjj-a J^a &J 
4 n ^—l^tl 4jJjJu»JI ajULl LiJjjtlJ iajMJI S^aJI JJtJJ t-flill ,»^aj jl jt'-i U2L> (j>LaL»JI (jl juk J 



.> \r. 
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Applications of solenoids ^a^-itl <_iU1 oLiulaj 



Function of a capacitor -i^H 1&l£j i- v 

j a" i n a L^a. j J i a i ) i *~^— < I ,| j^J.u^jj Jtlc . La-^-Lu 4jjLc i la i u a _a ^j-lLuJul>s [Vi"-»mi/n ^j_a i ali ^— 1 1 1 t j j t ^— < *i i 
(j-U^e-tij-aJ I }J-^= (j- 56 -" «fr ^Ji >— cll.uTijj Ltlaj>J j lilx jLu Jj^J^JJ (£~ ^ J^— ifoll IL. S 1 T-Lj-iil (jlc.) 
4_uL)^£f==> ■li-a-i'i (_^'-*J ' aH^a-aJLl <LJL*JI 4 t i a] I I V*<^-» 1 1 » <uj^ta 4 Lse i*iitl /— 2 ■" S^jljJ! <".»U»a | j| L '^^* : -— ■ 

.Farad ( F ) ^ijLaJl 2jl=»-3j iaii^aji ^Las .(j^*-« jl^>. 3j-^ ^ s li) **•" O^ 3 ^ ^^ 

jLuJI (J^J^J J 4JTni pj-flJ 4-iLa (T,i J^— ifuJI iL. o2 T-Llal,! (jlc.) <J-a^>-l (ji^a- uAI ■ *"^— • 1 1 (J-u-ajj pj I jl 



V 



t 



^j.se i*iill jLu 



jd^ 1 jW 3 



Sl[-\ S2[--\ 



+ + + + + 



-\ \ t. 
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Function of a diode (o- rj^aAJO ijjlJJIliLfij o- v 

•. t-»*a jl>-Ij <jL>oI 2— jLtiJI jj>a j f q '-"J ,_," 'j J^~* j , ^'"~ j-£> jj-il jJI 

.jjjG ijj-i jj)j_tl_) j Lull 7t <i i n" <L»-jjJ "ojjjluz iLajLiill ,jj^~~ '"' (Jj^JijJI tfLao' 4r * 

jLuJI aj^j '■-^j Jl>-Ij i>L>ol £_ VI jLu-II jjLh' 3 z'-"'- 1 ^-Jl-s ^pWj-4^ 3 »>j'^ - i J^' lJl ^ ^L^sJ ^ l£ - 
j^IjjJI 4- cy^-j^l >U-uaJlj-ut3 LuLj^aJI Sj^l jJI 4- JjjI jJ I j-utj JjUj .(The current is rectified) 




Voltage 
V 



Current 

I 



A lUU 




lime : 



JLP 



lime : 



JjjIjJI ilJij 0- V J^-^.tl 



.^ >o. 







:LJbJI S-uL^g^aJI oL^Lt2]| ^j^jj jl^>j| lJu».j^i3 ^h .(Multimeter) 

.Ammeter jLUl ^L^a jLHl (j^j ^ jJl jl^>Jl u * < ..j j Voltmeter j^>ji j^ ^L^ 
.<- c inLiXI i—ijjjtill (jr Lc. ,jj-aL>JI j (j^aiitil (j^fV Mitl (Jj^ (jjo (_$j^><j (jl <— a j ( -Z3UV JiLo ) <_ylcl j^>- 

.ajjljjl 4-uL) (_yC ' j^-tl j, i ,^a J uaM • 

(Voltmeter or Ammeter, AC or DC, Resistance) j-i^-OiU 4- 74^^ o- ^' f\>>>^' • 

.4j>-L>JI Jtlc 4 Jj Uaj, I Cj^LjJuljJI (_£>»- 1 j j fljL^aJI ^1 1 j i ifuJ j-^j-l I (j! (j-a Jl^=G • 
jL^jjeJJ c-c-^jXI i_3j_LaJI ) <_ul__aJI 4jx-l& (_ys J_^=G ^jjj o" mXI jLp-II Jl Jl^j>JI 3j-^ <J-"W^ Jl ^ c ' * 

.( Jl$j>JI j J i ■"■ 1 i_t>-ji,l (_J_x5JLi (Jjj^sj^o 

(j a LiaJI 4_La2j (_yC j_iIuL«JLI i_alj^>jl (_yic l) ^j^— 1 ^i a 5tjj Jj j-t-i^ I >l-LJr" i »l (_yC TtjLllII ^jj/LiS (Jja- < u • 
.aJjUI AjjIjJI (j-a ^Jj-^' -lU^T ^g \1 A~,t ^^JLl^l (j^a Ljjijjifi. j-Iaj| i j_iijJLl CjI j 2j^>.VI Jl m'lml Jtjfi. • 

Voltage measurement j^»ji ^ ^L^ 
Jl ^?^' 3>^ J- i '-«-y •J-a^*^ L^j'j^' (_r^ (voltmeter) (j^Lxiil jL^ Jjj-^jj l5>>^ Jl 6^' 3>^ o-°W^ 



.^ n. 







Current measurement jLuii ^L^ 
j>u. jLHl <>Ij= j-<w .J-^kJI j-xj ^IjjJI ^ylc (Ammeter) jLHl ^Lis jL^ J^jj jLllii o^L^i 

.<jL£=ua)M 

Resistance measurement i^jUil (jo-LS 

l^-i-uLlSJI ^j_>j t > sy i3j-^ (_>>jL2j I o^-* <LajLiitl (J^L>- jLtl jLuJI (_j-uL2j :j_i!uLlII j-lc ^jj/LlSJI • 

.oajUil 4^ jl^>Jl o^>«j .iajLHl 4-j^ 5 <J1 J^j^ j i*jL2Jii o"L^ (Ohmmeter) 

j '^3 2jj|j) j t-f 1 1 — > Lai ,jj^~" '"' ' " 2*lj-2JI (jLa (,»l-a-Li5 1 hi a (jjj- 3 *" ^ L -' £ - M^-a) 4-iaiaJLa <LajLaI,l 0-ilj=3 Ijl 

.(open circuit <l>j1ax s^b) ^1$: V La /\ (short-circuit 

.Av_^ JJpJLI Jl$j>JI jjIjJ (JLa^i. I <LajLila ^jj/1_l2J j-il/Ltil ^jjjLlSJI <l5jj^3 a I JlJt" i ul (_o.j : oJl>iJ 

Sources of error ^LaJI 2_ * Lki»Vl jj«^« 



. I Jl>- <UijJ3_} CjLuLlS f I Ur.l ^uLloJI jL$->- ■» jt-»" ' " ' V J ^uLl2JI j' J7~ ' I j 1 "^' Sjj! jJI ^jLTu .«Li3 (_l^C.j-ll 
(JLiil (Jj-i 1 11 (JLc. t AJ^ir" mil /tJjJoJI (jr^-l < *-*J^ (j-* ^d5^° ** ' ' " *^~ > - i ^ u> ^! D 11 -*- 0-°4!^ j' J7 - ' /^J^-l' ' •**• ^ 
. (jr LtiJI ^JlaJLI LLtJI 4-a-LaJI (Jj» X*,0 (>i (_p3jJLll tlaj. Jl^j VI i_cjvj *,0 aIjlj (j^Lja jl^^t 



.> >V. 
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Power supply unit pressure 3>£JI>ifcM3jb-j >- A 

«Jl>-jJI lIUj £lj^».| ajJijj .("I - V J*^-* ilul) (_p3j-*JI IJl-J ejjLaJI jjLLa^a «Jl>-j (_y-^- p^— 1 "-"" ALts-i (^jTlthjj 

cJji Y£ ^ JjsI) rj^il Juc i^jja Jjsl Jl£». Jjj-S J! ^.i 56 ^ (^!u cJ$a YY* l5jL*-^ l£^'j) 

.(Ml* 




w "J- '-3J 4^~~* p ^~~* **• ' /* * ajJt^Jl j J I a a a Jl>-j Cjlj^^aua A - T J^"""* '"' 



.) u. 
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Push button and control switches flfctlll gpU« j ^daliiaJV I gpLall Y- A 
.(control switches) r ^~-ti ^.uU^j (push button) ^LU^M 

J I 4JLiJl.u pJL) (^It>- 4-t.iiyj A- 7-PiiU ■ 2 ■ ) .jLltcU *_iisjJI A_ Lt^aL-LlL^a-La a <Vq^ a p^-.-»."tl ?t_uLLa * 

fy^LjJ j^"" 1 Jl 7"\ J «^a-tl ?-[lLa.a tillj (Jliusj jj>-VI *_iisjJI 
4-t.iiyj Jl ?-l"iiU -ijJt-i OjJ^s->i (JL>-J 1 laa LtJa^a Ji^l lt-^- 1 LIL^ 4jLxij (_r^- q * .^-«VI 9-LLaJU JiaLso • 

.(jjjj^>JI ?-LliLa <_lUj (JllLaj (jy JLa VI 

Normally open contact (make) (,>=j) ^jL*JI ^y I 4_ q&a jj^Ma 

jjJI jJja! Jtlcj (^Lij^^aJI ,Jju>JI (J^ii«- J^P"^ L&*^i3 J>" JaJLLa Jtlc ajjl jJI <Jj^j3 .(V - V J^=lAJI) 

.ajjl jJI » La 2 *" j—ILlILi j j_jI JujVI 4-t.Loj ^Jl (j_u^a}HI i_d^_uj_JI Jl-l*-> 



PMJ 




(j^sMIl j^jj 



j-aj j S-LLaJa — (Jj-aj) i^jLlII J-^s>!l 4r r>^ <j-^«^L« V- X J^— iU| 

Normally open contact (make) - section and symbol 



.) h. 
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Normally closed contact (break) ( juaS) ^jUI ^yi 4_ jli* ^^^La 

^-Llflil jj (jyic ilaJuJaJL) aj^l jJI » La *"j 7-lla.a.U (_£.}L*JI *_iijJI IL. ijjj-aj-a ajjljjl ^jj^zaJ 4_!L>JI oJJt, '£- 



MM 



n 




k 



Normally closed contact (break) - section and symbol 

Changeover contact Jjjuj u^Ma 

?-LLiLa ^_ (_£.}L*JI *_iisjJI ^_ (j.U.a ^j^i^a^Laj i_£jL*JI *_iisjJI ^_ r-j" ii a (j_u^a}La ^j-u <JjJi_lLJI ^j^i^a^La x_a^>o 
(J-UjjIjJI ^L^= ( J jLta ^J .«Jl>-Ij (JjJljj 4_d_a-C ^_ ^j.i.1 ajJIJ (J-^J J ^J- 1 '-^ ,* kaJL) aJlJt" i u < .Jl>-Ij p^-"- 1 

■JjJj'tl Ju£. LlL\jJ 



2 4 




j_aj j p |_LaJ9 — Jjjj>o (jjj^a^La ^ - V J^— > iqJ I 

Changeover contact - section and symbol 



.> t 
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Sensors for measuring displacement an pressure k**i\ jfc-OVI ^Luil uUftl I T- A 

.ajLfu^l ;*JL*_« ,J! i *> jjl 'j j^-» LJLc. c SjLil J^— » ■"■ /ylc L^lflja 4^a&LtJLl jjjjLjS -i-iji' (j ii->U Aj-2-> 



Limit switches 4jj^ji ^mi 

4 *l^-» ) Jjt i"i"itl CjJljso iolx. j (j" L *-' a T-'^ 5 Ar a *-^~* a '' * ^ i' 4 I* '"'" Cj$^~ '"' LaJ-ic. i_$J>-^>JI y-l'irtU JjLla 
^_ r- aj ii a ^j .. *\l o^-* t <L>-L>JI i_ 1 1 m~>- C(_^Ju>JI 7-l"iiU Jj-ajj .JjJljjJI tc_uLLo ^^^jii <L)Ju>JI tc_uLAH OUl 




2 4 



k 



i 






2_ JUl*) (^M-a t^^Cr^ Li ^ LiJ >PJ- 
*- j_^a>3^La i La » i a i_d^_uj .*\ 



Changeover con 


tact 


Nc 


mnally open conti 


\c: 


No 


rm ally closed contact 




1 2 1 


i 2 ' 

i 1 ^ji 


i 2 1 






i 1 ^V 






i 1 ^ji 






! 4 i 




! 4 i 




I 4 i 
i i 


i 1 




i I 




Jj4J>J (j^aM-a 







Limit switch - section and symbol 



.>n. 







Proximity switches sujL2UI j^uLUI 

■ d - ;^~~ ljjL^s L.La 4 LiJLflJ sj^9 (JjJljj -^— ljjL^s l-la ^j^i^o^Lj (JjJlJ (_JjLaj]l 7-l"iiU <J-«-*J Ju>JI ?-Llii La^L>- 
:4-UjlSl!l Tc-uLLyU iallstJLl f-I^JVI (_>^»J ojuii .JjiaM 4jjLjj£.I j J^isl 1j-*^ <*-J (j^ ^J^J ■'4^J^*" 

(_Jj-iis (_jjL2j 7-l"iia • 

Reed switch <^j>!1 ^tmi 

(J-lLIjJjJI (Jj^sjj '•— -i- 5 " l^"-*^' f-^J-Jl 4r 4-3-j" ii 1 1 Cil i na^U.1 jj f"J-^' Lh° <— <JLiJ' 4r- Ly '"'.Lp T" ■' UJ*~ ' ' 
j 'j^- 1 fj ' rMVil_Lt.a (JL>Jk (_p3j-*-« Jj-*" 4r- ^- a ' ^ r " ' "' .j^"""* a ' ^i jj^=Jj 4Jl_u-iiJ r-Qjso V j( "4^" * >^ '■ J d>'" ' 



.> tt. 
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Reed switch - normally open contact 

Electronic sensors JLugp^aJVI cjLu^J.1 

t^^b 1 Cj^LuSJ Cj^lj Li J <i_U <J_pJ==J I Cjl ) ill-a 4jjt ( rill J 4_UJ_«Ja]lj 4-LL>JI Cjl ) rl-s \\ J-p-tJ li.Uli.qj 

Jl£>JI 3j-^ J ' '^* a 4-Lllojj • 

.LsoLlII SjLi^l 4.Lllojj • 

jl Jl$j>JI j. t i^sa ^J\ Lu) j^—* <L>jLLII ajLi^fl (Jj-isjj '"-*■£*' t — " ' "^l* tfJLA 4r ^=J-tHa CjI . u a^La Jl>-jj V 

Positive and negative switching sensors <_JLJIj <_^^il JIjljVI dL^ 

4_><jI_LJI SjLi^fl (. 1 1 n^>- 4_jjL)j..^j=3lJI CjI i n>ll ^j^a jj^-Cj-i t-LlLi-ik 
ujjLSj .ujjLalll '2— 4j<_LaJ9 4j| LiULlib (j^-»"< ro-! I Jj J-^= J (j ^ 1 1 JjjjJS d>J^"~'J :i_<J>-jJll <J! JliVI CjL^iata • 

■jji^ill jl^ J I ■-»_'! (^LiILij LsoLlII ajLi^?l JIjljJ fj\ l£jJj aJ^I *lj^4 
I (jJJ ^jLiJI j^>JI JjJ^jj i^oLUI ZjLfuVI Jl jJ Jl ^jJj aJ^I <j-a *j^. jf 4tUritl 



•> 



.ur. 
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Inductive proximity sensors L£L>JI ^LujLaUI 0I...7.U 



.in. 
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Inductive proximity sensor 

Capacitive proximity sensor ^^u^JI ^jLsui o^' 

A-LlSH1 2jjI J ^j^a j uJljJuo (jlja^a ) <jl jJJI * j 'j j ^— > <LajlJLa j i V*<^-» ^ ^j-" L^J* i aj| <yJjl SUJI (j-aj>Jkl (jj^~*"" 
(JLx^o (jj^~*^^ i—flH^ia-aJLI (j-mjQJI (_ Jl i ntl ' JaJijI j (_<j>.ji,l ( JaJijI <j-u ^ / "'~ ' "J^"^~* " cJL 36 - J^J- 1 ■- i -?>-^' 
t—iJuJJJ ' ^'"J ' ' '*~'^~ ■ ^ 4_*_uj 4-<vl3 j-iATlS t -Jjl Mill (JLsJkl ljufc aLoI a • U q d-ajJij Ijl -(j <i ">U aLsI JijLi 
lIUJl^s (JcLfljJ <Jj i i La "'* aJLsjJU -iljJU *-« 4JJ« mil 4_UjLdlII Cll in^t.1 (JcLfljJ V .rj^il aj^ljJI J * ifuJ (<U 
.(. i mi->1I j (JjIj i nil j (jAjua\j ( i nil j r-L>-jJI j i Mj'n h^LjJI (Jli-a <LlIui 4_uj..^j== <ULLo CjI j (JjIjjlII x_a 



I 







■I 2 3 

Capacitive proximity sensor 



.H«. 
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Optical proximity sensor ^j-caJI ^jLzJI o-^Ll 

S-frjUaJI (J Q t" ( UJ J ,al ( il~>- 2) ^£. I %,",^-.lt 4_|_) j_pi=>J I J A-UJjis JjL_uJ 4_UJ_JaJI 'Lt_l J LSl'sJ I Cll ) »->U (J a t" ( n" 

.j_«j>.2l tjj-i La --j LaJI j j_a^.2l 

(Semiconductor light-emitting diodes (LEDs)) »j.l^U 4icL]l j aJLsj^ 4-ljJI oIjjjIjJI j.lhj 

Ij jj)"i i njj^l^pJI j (pnOtOQIOQej 4_ujjis 4-JLaj^a Cjlj CjI.}.}jjIjJI J o t"i i uj ^ la j i uj 4_La_»Ja^a j ^>^ 

• ^ ^j uaJ I 'LujLiJl'J! Cll i n-a- alt plj-il <uM^ Jls^^j J ■ *" ■ •■ i ^— > A-Ujj-i 'LlLuo^j 

Jl>-Ij ijLsol ^_ (yjjois jj>-L>. • 
(j ■<^-»l g ^.i^ajis ^_»-L>. • 

One-way light barrier ji^lj oUJI I i ^j^ jj>.U 

Jl /—lajuaJ I pit (.ill 'l^aJ i»t.-L>iJ (j- 1 " » La 2 1 1 ( < ^-— >j " £," " I i -^ a * a (j "I ^-— »» )l a Jl>-j j (JLujjI 2 Jl>-j ^j^a ,jj^~ '"' ' 

■ pi t Mill «_LaJLil I jl r-j^>JI Xj^J (J^- 1 - 1 J ' *"" " 1 1 



o - (* u - u J 



J-^J-^ 



VO^=Ll 



-^ 


I 


J-^J-* -r- 


(j-o^aLc 


F 


N" 




, 



>>JI 




One-way light barrier 



.>n. 
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Reflective light barrier <j-u-.--.L-i ^ju-a j*.L. 

Lil-==> j-JjjJaJI pi * Mill (j a^aJUJ d~po (j ■<^-»l «tl ' •^~~'J ' .A-iL-Jl (j-aaj (_)i-l-- L*-« (j "^~~ " «-ll J (J-<--j_tl ( •^~~'J ' 

■pi t Mill *_______)l lil r-j^>JI f-^-aj (J^-^ J j *** ■ - y\ ->L->--l '£— 



i) i *" i •■ 



J-L-IJ-/S 



ffl 



O - /Q.UJ 




Dd 



J-..U 



M-£=-<-£ 



J-LUJ^S 



M-£=-£ 



>^' 




Reflective light barrier 
Diffuse reflective optical sensor otl ^=\e. j-.iL. i^j-^j u..** 

j (J-lSHi •■ 1. 1 Jl '-a-^-i i ■ i ul -— - » » )l /<> i n*-. i »ajuaJI ■-> J_La.ua I Ijlj ..J-a-lj is J-a-j £—. J ■ -U ■ •■ V I j (J-i-uj-U < , ^~~'J ' 
. j n~a- oil Jtx>- (J j* u-i (jl o L-aJ j_u Lf=3-«_i 2i 1 (_-JL--. (0 i n^-Jl Qai-sa ) j| tlaj" t"i < . j u->JLI (JJ-JJ i.m n" < 



O - ^'~ > * ' (* V ^-°J 



>jJI 



(J ' -U i u 



f 



J---J--. 



J---/J--. 




Diffuse reflective optical sensor 



.> tv. 
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Pressure sensors ,U;,MI dL« 

(a-uLu ibolj »Jl-<ij ) ,_, ^"" .1 ^"" .1 * (j-^ ^ ** '-" ' "'J.' (Jl JlJ^U JaJLLa fil2ut • 
(a_u1_«j A^solj 2jLil ) (_)JJ_>j^=lJI (J I JljJ jj i La » i a ?-l"iia • 



Mechanical pressure switch 



,,!<£_ ,t I , u; ,>,tl -7-j"^ a 



Sjjj Jl>- jjL>o Ijlj /_ J ' "' [- ' " ( _ T ijC. ^uLl'JLi JaJi LaJI Aj-2-> ( Li^3L.L)L^SL.La aJuLulII i La » i ia 1 1 7c_uLLa ^_ 



2 4 




1 

/. 

2 



J— 4 











>p — 



(j " '^— » i ' (Jji i"i< /— LaJi to 7-Piia W~ V J^— » 

Piston-actuated pressure switch 



Electronic pressure switches ^jp^JVI .U*<MI ^Isa* 

7-LlAXI SjLil (JJljj ' - ;^~~' xi I ^~*^" 7"i"iiU (Jji <""< jj-« zJlj . Zjul^Lo 4_l4_&I ; I egg dili i LaJI LJaJI Tc-uLit 
sj-Jl-S I j ■■■■-<- i (Jill ^ ii->t,l 2jLil (_yic s-LliJ ' La * < ia 1 1 jl sjJilJ JJJ^-S O ""*•" s-1 Mittu ( ■'^-'j ' .Luj_P^=lIi 



.> TA. 
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Analogue pressure sensors LtBLslI .U;.MI <ju,La ciLow 

LajLHI 4-»y^ J-*-<^ . U » . ^ 1 1 (JjjLjJS CjI i n^t, iijLlII sLga-^M <LajlJLa (j-uL^S 4_lL>. ^A~ V (3.) J^— > iqJI O"^ 
(J^L>- ^j-" **/'_!?" ' : ""~' A-ul i n~>- aJLi LajLill (Jj-isjj . s-1 coiLll (_yic tlaJLuiX I LLaJi uaJI j-l<Tl! L*jj 0) a^Ltlil 
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Relays and contactors uUrt^ttlju^b-^i I t- A 

i_oJLa (jyic J^-=- (jjj-^ "°r ' ""' Jl ^ c ' ' ~ "J^ LL t -ajij^^s J « i"ij 7-LliLa jj£. 3jLlC jjb <_L>.jJ,l '.(Ja-jJLl i_t-i^=ajJ 



4-t.i-oj (Jj r-LiJ^I j L*a£ pL>-jL> ijJ^-uj AaJi-> p^-i LagJI (JLi I jLftlg,! I gJ l^3 jl I jl '^J.' La] (_L>-J-^' CJl i u a^La 
isL-b^Ll .(j-u^a^La (jjs ja^=l Jj^^J (J^-J-^ i 'a\{ J^— ij I ttlXI £>£. (^Llj^^aJI jLpJI pUa^Jl JL>- (jr JLa^M 
(J^jJ,! JlLa IjinjViLLLajj^^j iLLifuil Cj^L^jJ,! £ya i^$j^-\ fl_aJI i-iJLufc <o}Lc.j lJu^sj (^jJI (Ja-jJll Jl 
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J».jJll vu^=p \ \- X J^-,,t,tl 
Construction of a relay 

Applications of relays cj>U.jJtl c^nUi 
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Programmable logic controllers, PLC ^jitlySkUlnSjuJI o- A 
(y«- r jg-, ,mq ^jj| gimi j>u^ >» PLC f u^ ^.l^Vi *>>Jl :j**Ji ^Jajc.M^pJi 

: (jr L La jjlj>o JjjJsjJI ^_J L«JLl i^=jaj_i 

.( L^xjJp ^jiij^-ij LgJs-ljJS pTi 1 n <_^l!l <Ji»-l JlU) i—t-U^J (_£l-> J L$J«.ljJS pTi 1 11 (_U>-I jJLI (j^a (_£l • 

<lL>.IjJI cjljLi^fl i>_L»v>.jj Jajj pJii 1 ^^~~' * 

^-aljjJu ,_)j AJL-aji,! s-lj^-^lj Li!^Lij/^U A_uljj_LaJI Cj^Lu-ajjJLi IjjLjta (j iut p ^~~ ' *" (J-*-* 1 >jj^~"' ' 'j^-ij 
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PLC g^j-dl ^yikiXI p^ — --" s^jt v»- rj^=u 
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2/2- Way Solenoid Valve without Pilot Control p^~~tl jjL-u jjjju Y/Y ^UoVI aLm^JI 

i ail, I jj^j LaJtl£. .tij^jjj_i fi^-j^ J (_£-sL»-!l *_iijJI £- I aii a Y/Y LufcLsol LaL«_^ Y^~ X J^-— ifull OV^ 

,Y irtlnJI ^IJ ^ i^tloJI (j-a JajJuiill *l_a«JI (J^Jj-lS i alt I 
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2/2-Way Solenoid Valve without Pilot Control 
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Pilot controlled directional control valve 
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a L»-L^ll 4_*_iQ]I 1 <LitIflJI Jl Jj-isj^a slj-ifc <_)_£-ul I all I fjJ --"^' jl Jjli-l * 
.AL^-oaJI jj ■• i*— ■ a (JJLiiuJ 1 4 SeHflJI ^j-^ ' *°J * ' '" ' ' ?l5«Jl (jj^Ju-i 'pj 1 -"' T*-'- 2 J^C- * 

'p^~~ t-seHJI JjjL'-u (Jj* i"i"< <U3jjJa YY - V J^-* ■"■ " (j^-J-i 
LiLlII ^SjJlII fj-a3 .ujj_i_alJI *_iLa 3JlC.LJ9 (j£. LLaJLia-J fjJ^I ^4>A3 f-^^ i i_alU ^j-C (j-SfcjfoJI *-3j Jtlc • 
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Pilot Control Directional Control Valve with 
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Pilot controlled 3/2-way valve ^^Hl jjL* Y/Y ^U^il j»U^ 

.(^j-4^3 Jjt iSlL p^~~ <-Seg]| JjjL-u Y/Y (^yjfcLsol a L»juaJ ^j-i c 1 LaS YY - V J^— ifull (j-UJ 
(j "j^-* v i-i!_)-ujJl *-3 JlJ j . U*a (_£a^>JI ilajLuaU (_p3j_*_a a La-t^aJ I ^j •■j^~~' a ?e-Ia-i-u < (_£.}LjJI x-iijJI ^_ • 

.oiii^j^r j y^l^^i .(yy- r(D jg-i.MQ^Vl J) 

J^— i uJI) ) i Laj tlaJl i^tla J! al o t^a]| (j "j^-— a Cai 3.ia^».jJU <L3jJl!I <_L-ajj t ( all I £yx-uj Jtlc • 

.JiuiVl Ji (jn.^lll i«^!j fUuall gn J^-tl tyltVl grU.ntl ^ S^SJI £-^>3 .(YY" Y(c_>) 
^_ a! -^ uaJl («-axj .^jQa-j'iio V j 1 (j-QrtlflJI g 1 - 1 4-Lli^o jjJ I j (jLlSJULa Y j Y t v»"-»",Atl (j-u 4_Ll^3jjJI 

. Ijj^r i"i a iy Jj j ^- I ] I I aJJ, I a I J La *_iis jJ I I Job 
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(0 



J L 




M 



J L 




a: 



^ 



Wv 



i p^-.-»"tl (^jLu/ K aLqJ Y/Y j^^Lsol aL^us YY - Y J^— i ifgJI 

Pilot controlled 3/2 -Way solenoid valve, 
normally closed with manual override 
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Pilot controlled 5/2-way single solenoid valve ju>.|j < h.Us ^=u*iJI jjjL* Y/o ^Uul *Ujuo 

> av^ti.CYi- Y(f) j^-. aid j-uuVi ._%jii 4. ^Lm^ji a „,*-> « 03^ ( ^jUji ^y i 4. • 

.0 a aelAll *_« 4jL^sj^a 1 3 aelAll LiU Jl^= j Y *> -»" aJ| «a aXus^a 
.(Yl- Y(t-l) J^=uUI) JlJ^ 1 ' *«jt.l (_jj a! <M^aJI jtj ' a ■^j^*"'.' oJL?3^^ ' ail! q^-"i ''** • 

.V a -»", Atl *_a ilus^a Y a -»", Atl i !■' H \ ^—i j 1 4-»" flJI *_a 4jL^3j^a ^ a -»", Atl ( x_iisjj| I Jui> £— 
.(_£.}L*JI 4jnisj Jl a I ^ LtaJl JjJj-L/O dJ^ujJI p-^-js ' ' <uX\ (]>£■ (j-Se '"'" -lL*-Jj Jtl£. 

.A£ 4 aelAJI (J^L>- (j-« p' : ~— LSelJl Jj-iLi-u *'j-ifc -ijj-i 
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Pilot controlled 5/2- Way single solenoid valve j^Ij 
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Pilot controlled 5/2-Way double solenoid valve ^^-t^\ <JjLj/ i(j^uj^=D oytLv Y/0 ^L^jI aUj^ 
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Pilot controlled 5/2-Way double solenoid valve 
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5/3 -way valve with exhausted initial position 

.(j-UUj^^s tJ-LoLa li j p^— -»"tl JjjLi-u V/O (jy ji>L>ol a La^aJ <u}tjJI pLiisj 2I Y*\ _ V J^— i uJI (j-UU 
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Pilot controlled 5/3 -Way double solenoid valve 
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SjLiVI i^JUJ. s^Lc (PLC) g-a>JLl ^ylklll p^^^-tl J^jticj j^bJI o^aJI 4- .icLLt-aJI 4- LJU- 

p*~ ■ sellll p la ) jj^a jjj^=JI ^- (J *» +"" "" Cj^IaJLI dJIjz ^j^— d j Cj^L>-j_U CjIJ p<^— i-»-"n pJaj (2>£. Lii5j£. 
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Direct and indirect control j_iUlj_j£ jj_iUI «£=**ul\ 

JljJI x-3j Jtlc 4£._jj*.j j M (jt 1s1Jlx^J| jj *.£.} Jtlc Jji-ill 4jjL>-I 4J| aia ■ •■! (j "j^-— " >Jl2j c—taJLLaJL I IjJlfLa 

.4 jinLUI A-uLa^-ilJI Sj^l jJI (<u-uj W - V'(a) J^~- uJ| fjf^ j jjJI £>£. 

Direct control of a single-acting cylinderj*^! ipUT oljU.nT^-j-^^l r ^ — ill 
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^j "j^- 1 a a > Slu a (Jj* )""itl ?-^>^ JJ ^1 uaJl X-L&3 (Jj- 5 * 1 - 1 J JX.1 (_p>-jJll jj^i^a^La (^JJLlS 1 Y l(_p*jJU 
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Logic Operations 2u2kUI uLUiI! Y- <\ 
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OR operation "/\" iii^t Jjl&ji ^ - r Jjj^J! 



1Y1 


S2 


SI 


p.. ,^1,1 


i U-i J i , >. a N / j\ 1 1 


i Ui j « , >. a N 1 j\ 1 1 
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(<SJ(-> 
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(<u«-l 
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(«-*-> 


(<u«-l 


(<SJ(-> 



AND operation "/ a^j jji.Vitl Y- r Jjj^J! 



.^ iV. 







Signal storage 3jLwV I jj>aj t- <\ 

aJlSjj (j| (_o.J ( LJ o<* -Jlj call ^-iL^J /*- l ^ 5 J (Jj J l - J " (jl <_>^ S'iIjU. , „Vl ^j •■'*—• a f-^J-J- 1 < aJL2HIi <t^=jj>. 
a La-L^J I /— S ■ ' (j| (_o.j lLUJ ^j-^ (j^ 3 t"'^ J .tLaJia Sj i '^■<* a^ILaJ jj-II (_yic- LLaJLJaJI Jtlc Jia-- ^LaL^= ^ "J^""* 

Signal storage with double solenoid valve jrOLa ^j> ^1*31 »Uuaj SjLiVI oj)-^ 

(jjjjso j ,^.;»^-. J Q t" i n < lLU JJ j i all, I ^j^l {_yz- )*iitl x-3j Jtlc /;^>- 4 Ijt i"il *_ii_a-i £," flJ a (_£J a I a i^JI i La cu *- J 

.SjLi^J 
valve with double solenoid return stroke control Manual forward and 

(po^-j :Ol c a Jl2j :u1 ) (j-i-tlal LtJaJI (jJJij-J j-f-^J JtaJLLa (J^li>- <LJI a-La ■ u| (j •\'^~' a ^_ p^ LielLjl i >a I La I , I 

.(in- r(b)jn- r(a)oM^jsJi) 

j X\~ XyC) (JyL^=sJlA\j Ij-uA-uz j-tC _jl 2j_iI/Li-a 4jjjj_Laj £," aJ a (_£J a La-uaJ I ^_ (jL>.LLflJJ p ^— i ■*■" ) 
(j u-l^3 a aJlSjj j £," aJ a (_£J a L»juaJ I (Jjjscjj . \ Y 1 I all I (j-s* - i"i < i Ol jj-J' (_y^- ' '" JLlc . ( V 1 - 1"(CI) 

aj^a tj-i aJ a ;_£ j a! a i*aJI (Jjj*jj .1 It I aiXI ^j-^ 6 '"' j ' Ot jj-^' Lr^- ' * ' '" ^' £ - - ^ 'J* ''"''" f-^S O^" ''■^^"'^ I 

double solenoid valve stroke control with Automatic return 

(J-ujjIjJI TY(C)~ T j (DjTY- V j^l ^— ioJI (j-^J ^^—-"1 "j'j 1 (jjjj^aJ,! *->-j^ aJl^iII 5jL^J ^-tij^a 

(J uaj Lij S'iIjU , ,.Vl ^j "j^— a aJl^jj Ol ?-l"niU (JLc. i La » i ia 1 1 Jtlc .pa^»-jJI Jaj i*ii ^_ p^~~ t-Sellll (j-O-Uj j^~~* 11 
3>Ua! c^j .(jnj^-ill J^j^ 1S2 tiJiaJI ^llnll J>U- 1Y2 LiUI J! jLlUI j^w c^laj^ AjL^i Jj 
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Oscillating movement with double solenoid valve OruiL ol j J*AJ! iajLS iJl^L^L iaj Ju J3 a^s>>. 

.(-jL^lII pa^>-jJI X-l&J Jl>-LlI (j " j^-* II '- <**■ i " < (_£-}L*JI 4-t.Loj J I 
(Jjl mi a (_^Jlj»JI ?-riiit,l j pj^>-jJI p-L&J 4r .J "J^""* t^Judl *_iisjJI ^_ p^~~ LSeUll ALksj >jj^~" ' ' <<UiJli 

4Jjj-aj ji£. j a'.l^t — Vl ^..j^^^ (»J^ S1 (j^aMIl (3Li jii£. .[XX- X[C) j TV- V(b) (J>L^=lAII) 

juisj i-il-4J Jl (j u-L^a ll (J^isj Jtlc (j u-L^aJLI Jti>^_i3 1 O^ (_^Ju>JI ?-l"iiU (Jji i"i< fLajLaj jl a i"ia i-il-^J J J 
/— S i ' i Ol jjji^o^HI 7tl2 I jl .LSiLo ol jj^i^s^UI fyS-iJ (jl Jaj-ilu c^jj>-I 4^=jj>- ajjl J <L)I JlJ ^j^— » i ) «Lc^>-j 

.£^>!l £-x^j J& I J..AI I 



.> iV 
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b) 



1A 



1V 



1Y1Z 



ffiTO 



5v 



C) 



+24V 1 

o 



? 



S1 E-\ S2 E-\ 



1Y1^X1Y2^ 



X 



H1Y2 



OV 




(Jjt-aJI ioLvf S*.|jU,„| £_ ^La^-ilII p^-— Selll SjjI J dalaita (ci 
j_ifuLi,l j_i£. p^~- JelU 4-Uj-0^=lJ I Sj^ljJI tialaita (Q 



• >0. 
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£121 LSoJLSjW 



b) 



+24V 1 

o 



a) 



1A 



1V 



1Y1Z 



SlE-\ 1S2\ 



^Y^^^\X^Y2^-\ 



ov 



^iiJjii-SlY2 



5^ 



* 



A 



c) 



+24V 1 



1S2 



K1 



K2| 



S1 E-\ 1S2\ Kl\ K2\ 



1Y1|X>X1Y2[Z> 



OV 



tj- 1 aJ a (_£J j^^Lsol a L»-uaj /-^a-ijl ^j"jVI £-^>-jJI Jaj i"i ^_ f^*~ ■ sellll VY - V J^— i jJl 



.)0<\. 
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b) 



+24V 1 



^ 



1A 



1S1 
ILL 



1V 



1Y1IZ 



S1 K\ 1S2\ 



1Y1l_ZHlY2l_Z> 



ov 



MAillLiVL^B 1Y2 



5^ 



t 



A 



c) 



+24V 1 



1S2 



1Sl1> 



K1 



7 



K2[ 



S1 h\ 1S2<K Kl\ K2\ 



1Y1 GDX1Y2GL> 



OV 



(j"4»->j-4^= £yuAji I j j^^jbLsol aL»jLaj £^>-jJI j aJlSjJI j—Lsj^u ^_ p^~~ LSeUll YT - V J^— » JuJl 

j_J/LII p^--^"lt 4-Uj g^aJI ajiljJI ilaJaie^ (0 



.>0t. 
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Relay circuit with latching J*.^ oli (^1 ail <-dLa*)M) od)-^ l>5b 
clJAI\ JMJw K1 a ^MII j_^ jLlUI ^j3 J^Ijj "ON" ^U^VI j>JI 3M-LI juu .K1 a ^MII jUu 



^ 



+24V 



b) 




+24V 

o 



ONf-\ 



OFF E-7 




K1 



Dominant 

ON 



ov 



Dominant 
OFF 



Latching circuit (^l jJI liiL^M) o±>^\ Inb xt- x j^-,,t,ti 

Dominant ON <>=>« c_JLc (a 
Dominant OFF jj.^^^ ^Li (b 

<UL>. ^_ -tjj-Jr i"i< J-*^- l^J-^' [" .' ' a ' J J 4"^' J3J mJ ° ,* Urr o * .^-«VI jjJI (_yic- LLaJLuaJ I J if 

.( Dominant ON latching circuit) "j-^>« c_JLc 

j>ji j ,; ,v< cUj-i xx- x(a) j^-.,t,ti il. s^ijji ^j.^ a ^i rr- r(b) j^-.,t,ti a. s^sijdi j^ 

^r^^uj . jl^Ij (jT 4- jlP' J^*-^ Jl ^ 1 <-aj'^"^ ' ^"S: OFF ^uu.^wi jjji jf ON ^uu.^wi 

.( Dominant OFF latching circuit) "jj.^a c_JL£ o^j-^ Ih'->" s^l^Jl *jufe 



.>or. 







function via relay with latching return stroke control Manual forward and 

ilai uaj\ JlIc ^j"J^-— 1 ,1 f_^J J ol ^UU i^'tVI jjj| ^jc Ui ,>.tl jj£. 2MjU ,„VI ^..j^— * ^Jl2j ( . >j Lla U 

(_L^.j_« ^jji^a^La (J^L>- (j^a (—ifcLso^fl ^1 ^ .^.tl jt i"m j Ol ■ Lai * ua ) »l jj-t' (_y-^- ' '" J^C- ' a-lX I ^j-Se <"i j 

.O^ /—La Li <^mVI j3-II (Jjt (""< (J^L>- ^j^a (J^jJU j]^- (j-a- '"it I f-^J- 1 LoJlI^i 4JI ala i oTa I (j •\'^~~' " f-^J-J- 1 \J-^*-' 

.( Dominant OFF relay circuit) "j^.-^ ^jlc j*.^ s^b j-l1*3 s^IjJI oJu*, 



->ei. 
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MA 
Tvl 




^T 



1Y1CZ 



_x. 



VA 



b) 



1A 



1V 



1Y1IZ1 



OS 



5v 



* 



dm 



A 



C) 




jjjjjso (Jj^j^JJ p_JJ»-jJI J AjJllJI ^ U,j ,", ^_ p^-<-»"tl TO- V J^— » uoJl 

(JaAJI 4JjL>»f AJl^Ia-i-uf IL. ^La^-iill p^-— JelJl SjjI J 'UU^»« (a 

(JjlAII A^uLu S'iIjU , „l ^_ j^La^jjJI (ft^a ->-"n ajjl J Jalaicd ^D 



.^ ««. 






dutU 
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Delay IkUjJI £&UVI o- v- r 



.^jijj A^jLi^a ^L^aj ^LiD ^ciAJl jl jiii] Ltiaj OiLiLi (time relay) 
Control of a cylinder with timing ^LlUjJ! iSL^y! ^ ^uljU,»t 2L. p^~-n 

.(TV r Jj^uill) L^jLajjjl ^j^ ^ 



• >0V 






dutU 
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a) 



1A 



1S2 

i 



1V 



1Y1Z] 



' [AILlAJ \^ 1Y2 



5^ 



I 



A 



b) 



+24V 1 

o 



S1 E-\ 1S2^ Kl\ K2^=\ 
(ON) 



K1 



K2[K 



iyi r/n-y iY2nn- 



ov 



jrLIil LSoJLSjW 



jJjlAJI 4_uL<j <LJI aia 1 u| A_ ^jLo^jjJI rt^~ ■ se-lll 2j-j'-> 1 La La he « (cl 



• >oV. 
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Sequential control with signal storage by double solenoid valves 

.(latching relays) od>^ ^^w ^^j-* jl oy^ ^iji 

.(j-LoJLa CjI j '"" al ^ i^.tl ^1 ml i iiL) ajLi^l jjjjjso CjI j ajjl jJI p^i i-V»t L>.j_£, *-pj ,yJb La ^_ 

(Feeding device) ajjJlHI jl^. •• c ,^j^" t jlla 
.(proximity inductive switches) 2B2 j 1B1 oy^ uyj^ uy^^ JU*i^L> 2A 3 1A 




LiJl«j jL^>J ^-.t-Loj^a i La La **■ a TV - V u^"""* ' 



.^«A. 






dutU 
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Displacement-step diagram for the feeding device :3jJulJ| jU^ t^AtloaJI *taVl ikU-ka 
jj^^" . START ^uu.v.wi jjji j^uji «^jj Uju^. ^^Luii p^— -<ti oli «jj! jJI j-Lt-ju Ijljj 

(J^Lt-tfuTLlI iia^ta (Ji«-lj iliAII *-3JiJ .2.f\ S*iljU,..VI ^j..j^^ * ^^.i^jj :4_utj]l aJLwjJ.1 

.2A r<ijU,„vi ^■■j^ 1 — a j-»->j :i*jljJI aJL^jJ.1 • 

■ijj-^-^ ^'-^ 4-iU.e. * J^J J^-l o-« lij-^ "J-" ^ ' AH I jjJI *-3J> i_cjvj 
XA~ X J^— (SJI IL. (>ui,l (jr AjIijJI *lj>VI .UU^-a J>L>- (j^a 4_utjbl!l 4^=j^>JI ol^jaj. j-^IaJ 






2B1 



Cylinder 


1A 



1 


Cylinder 


2A 





STARTa1B1 *jM 



5=1 




1A 4Jlj)t-»inl 



2A ^'.ijU,„| 



2B1 



Sj.M-.tl jl Jr t ^^hjtl ,\M\ .uu^ti va- r J^n ,t, 



• >ol. 
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1B1 



1B2 



1A 



1V 



1Y1 Z 



zIH^lMJE 



<7 5 v 



* 



1 



A 



2B1 



2B2 
I 



2A 



2V 



ZIC^L: 



tX] 1Y2 2Y1 \Z\ 

3^ ^ 5 



V 



t 



LM 



C3 2Y2 



^ 



4jJl*1!I jl ^>J LuLa^-ilII aj^ljJI .UU^« W- V (J^=u 



.n 
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£121 LSoJLSjW 



p^l <-»"tl < " < I j U -^ L^- 1 £ * - V J^— » iIJl .A-Oj-iUI (JjJLiluJI (Jj^-lj^a L^ji! ■ 31 uaj p3 2jl (yLal » ' -" ' a\ 



i\ i it"ra 



4_ujL2j 7c_uLLa "p^~~ LSeHJl 2jj!_} 



V ,~\\ al ,^>tl Jjt i"," J J (ill I nil 



JjVI a j La -•- 1 1 tA-u^UjJI SjjIjJI J p^-» •*■"'" »>j'-i 



4_ulrJ! 4_l*jLHJI a j La -•- 1 1 : <\_u_u_u^J! S j—al, Ul a p^-.-»".tl 2^j|j 



H 



4lljQj| S aJaJ^JI : 4_u_u-Uj_JI SjjI jJI J p^~~ ■ ScljI] 2jjI J 



u 



4_*_ilj_JI a j La -•- 1 1 :4_u_u-Uj_JI S j-ili Ul a p^-.-»".tl ejjl.5 



4-)JJlI]I jL^>J (Jj^jJLI SjjI J i La-La-Jcd pj-i »^" Jj^lj-a £ * - V J^— > ilJI 



.U V 
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Sensor evaluation ol,, l? ,t,l ^^1 

SjLil CjJu><j I j *^— < la Cil i na^La JlJ,! Ijuk A_ 4 1 o *"n aJJ «Luj^!l^=xJ zl <Luj Lali] I Cil i mr alt (j .utj .d)}L>.j_tl 
<>» jLuJl j-<W « 1B1 ^jIaUI o^J.1 JSfi.! lil Mia .(^" V JgaJUl) 4^j>UI oL^Mil j! (^^MJ.1 



+24V 
o 



.. B , 



<0> 



1B2 



<0> 



KlO 



2B1 

H 



2B2 



<0> 



K?r~\ 



<0> 



K^rn 



S5E-\ 

(START) 



K4l~n K50 



DV 



i\ i n>U p ^ 2j *_a 4_uj^j==JI ajjl jJI i La La Se a £ \ ~ V J^— » iaJI 



.nt. 
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First sequence step jjVl ia*jtnJ! SjU^tl 
((>JLLiius K1 (J^-j-ll j 1 d1 (^yjjLsitl (jii^ll) f-^vjJI j-iisj ^Wi iL. 1 A s*iijU,..vi ^..j^—^ • 



(iyLU-lU-a KvJ (j^-J-H J ^1D1 (^yJjlSltl (JII^U) p_^>.jj| *-^J ^Wi '2— 2.J\ 2\\j^,.S\ ^y^ 



^=^ 



.Jii- (S5) "START" ^ll^vi jjJl • 

.1A*%k^Vl 



+24V 
o 



1B1 







o — 

ov 



1B2 



2B' 



<>LJ 



Kirn 



2B2 



♦ 



<?rn 



O 



K3CZ1 



S5 E-\ K1\ K6\ 

(START) 



K3\ 



K5\ 



1Y1 



K4 o KspKsn m 



JjVI 4_l*_)LjjJI 3 j La -•- 1 1 j Cil i »->U (<U-l5j *_a 4 j 'j j ^— » 1 1 ajjljjl i La Laje a £Y - V J^— » JJl 



.ur. 
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Second sequence step a^liJI Luubill s^kiJI 

.2, A S'iIjU. , „Vl ^j "j^— 1 a > JlSjj j .Z Y 1 I kill ^j-jr t"i < .4_uLlII 




4_uQJI j Jj^l (j-Ci-Lt-iLllII fj* J j La -•- 1 1 j 



.Ui. 
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Third sequence step ttlliil LuuLnJI SjUA,t1 



+24V 
o 



1B1 



'132 



iirr 



o 



Kirn 



2 B1 | 



2B2 



K20 



o 



KoO 



S5 E-\ Kl\ 
(START) 



KS\ 



K5\ 



KBV K2\ kA 



K4l~n KBl~n KSO 1Y1C&X 2Y1[Z>X 1Y2C& 



cv 






.118. 
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Fourth sequence step <*jIjJI ^LuuLnJI SjU^tl 
s^ijjj j^l^=ji .uu^ti r,£o j^-,,t,ti u^j .2A iii^k^Vi (jn.^-i^ ^jj j 2Y2 ckiti <>^iu .^IjJI 



+24V 1 2 3 4 5 6 7 fl 9 10 11 12 13 14 

° * * * f * f f f 



1B1 



<0> 



1B2 



2B1 



O 



Kirn 



<0> 



232 



x?r~\ 



O 



K3 r~i 



K5\ 



SSf-\ K1\ KB\ K2\ KA\ K1\ 

{START}] 



K3\ 



1Y1 ±2Y1 i 1Y2 i2Y2 i 

K4cp K5nK6cp cpx cpx cpx cpx 



2V 



10 
11 
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12 



1 
-0 



s ^ 



10 



4JjL*l!l jl j^t 4_Uj^^=l!I SjjIjJI .UUA./1 £o- V J^=lA 



.nv 




■cvinl[) lliiipillr].cvirill pilnill nnlnllniiiiiif)nll 




(Q&J uUwLwl 



er^=^J>^ ^=-=t! 







Hydraulic power supply unit ^SLd^JUfc) 1 3>i^l3jb-j >- v 

j_i^LL*JI (j^a tjj^~~ '"'" (jr^k J ) _ / ^~~ l-IJ aj, Lj J I al kill I 1^.1 1--". « (_jjJI AJsLLaJI ,d ^^~~ ^HJJ' '- r ejjLdJI «Jl>-J Jijj^j 



uv 



"AjuljJfiJb-jJ! 



ftSM uUwLwi 






((jLal jaLu^o) i La » i ia 11 i .1 < j • -~»" ^Lu^s 
JaJLtlaJI 1 Laa. 



jta-I^JI Jaa. 




«.I^-JI 7tjluj_a 



jjJI ^j" 1 11 a tl^-J-« 



1 ^ 1 U '," 1 1 li^tl"^ .- 1 Uf 



(JIJJkJI rtj 1 nil" ?-jJ 



t^J 1 *^ 1 



■* j ,: — M-laji '.;, »jJ^2J' » Jl>-j ^ - 1 J^aiii 



HA 



"AjuljJfiJb-jJ! 



ftSM uUwLwi 






<s> 



4_ll 



ila i •■! 



B 



^5 



VW Y/T 






C^rR-J->f 



3 a! <i <<-> 



ijjj^ta 



L OA 



(jLa j ,aL«-i^s 



0€s) 






oj)J! <jlj 



^*.jJ! tLi- 



I 



A^uai ^aojjjjuyii sj^ui y- i j^=ui ii 



ni 



AaJljJISjb-jJ! 
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Drive d>ail Y- \* 

udjj>4l J>jj-J .^^-ijIjjJl-^JI /oJaiJI x^jJ (Jjj^^l er^'- 5 ^J^" i ^j^a dljjzuz) udjj>4l J^JtlmJ 
4 ^- ,^^ » Ja^aJj^a ^ is j ^— > udjjsJk oj^us T~ i J^— » ■"■" (j*uu J 4-LS-ZLX I ■ d ^^— .^JJ '.% 4r- (3Lh- >- ^'' 




4JCXOA1 



^^J-" <jri>4^= LiJjJtxi V- £ J ^-iM . t l 



Hydraulic Pump X^^JbtA) I ^ibdil T- \* 

4J9LL Jl tl!j^>J,l (j-a i^oLHI S^i^-.y.l^^^tl aILLJI Jjpeil i _ / ^— ^tjj J-frJI aLtaill IL. 4Jr <>iU ajJij 

(. 1 ( i n"n a Ua.Il I ' la a La -^ ^_ d -»■ ' ^"' aj ( _ 3 i=DL.u'jj J-yJI (Jjl 1 gJI <ie-uaJL I l_cSe-i uJ (JaJLca <\J3Lk>) A-i^sui] Jjj_uk 

*-a jJaLuj JaJi uaJI ^j" 1 u a f-Lojjl ^_ i a! la-Ill (J^ii>- (_^=ljJ jj J_i-J I (Jjl 1 nil A^=j^*- «L>-Ijj <_y^' 4-ajLdJU 

t^yJLuM jsajl\ (jr ic (_yA J JjLuJI <^=sjj>J 4_l»-jL>JIj 4_JL>-I jJI LajLH.1 (jX. AjsoLlII Sjl^aJI LajLiU 

4_uLLuj^I iS3^h (jr^^TpL^ 31 ^' , /tl^^-^VIj ^.-^aVl J_<u»JI (j£. 5^LD :5_l>.jL>JI i/sjUUI 

.Jj^aJI fjLuiJ till Jua*^ LjJ}UI (^aJillj 
.( (jLui-VI JaLaJ ) (JijLuM JlH3j JjLuJI i»-jjj , <tl^_-,^| .aLtaiJI <j-a 4-JjJjJI (JjjsoM eljj>-Vlj 



w 



"AjuljJfiJb-jJ! 




ftSM uUwLwi 






<Llujj 4 **■ ' a a 
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. " 1 1 -r- i >. t 1 



4 j i~ijj 
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4 I . n I \ 4 -»■ ,^> a 



S!-^J 



4j>-lj^l a>ji 



J 



ajljj 4 se ' a a 

4 ^-» a 



4 i , „ i^— i a 4 -»■ . >i i\ 



4 ^— i a 4_ie-iJ 



<4AF" 



oLk^l ^1 i- £ JgaJUl 



^ 
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iic^iiil pjj 



JCj mil (_£Jua 



(r.p.m) (CI1 3 } (b£r) 



/<SJJEJ>JI 



JaJu 



(jr*" 



VI 



4 ,1^11 




Gear pump, 
internally toothed 



500-5500 



&i - \i£s 



0,5-0.91 




Gear pump, 
exte ma lly toothed 



500-5500 



4 -:■;::■ 



is:;- jso 



CuS-0.91 




Screw pump 

4_j_iJ^J *> -»• i a a 



s::o- *:>::■::■ 



4-650 



35 -i&) 



07-0,54 




Rotary van* pump 
2jl_J-i ■* se i a a 
4 j )"ijj 



960-5000 



5-160 



100- 160 



0,5 -0.95 




Axial piston pump 



A *— - ■ 



-5000 

750-5000 

75^-5000 



100 

3 5—300 
J 5 -H10 



160-350 
160-530 



<Uj_^a 



0,5-0.93 

0,53-0.92 

0,5-0.93 




Radial piston pump 

djLtaJ ■* ^— » a 

4j^_LaJ9 



960-5000 



160-530 



CM 



VI 5_t^=3LjJjjj Jl-^J I Cjliri^U CjLu-ajj^ii^ 0- £ J^=ilAII 



> vt 
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Gear pump Lj^p i^i^ :<i^a.i Jlia 

.Jjjutilt (JjLS j-tC. (jjjJ^LlI (jl_L<-ul (j-^ 1 CjLc.lj.iitl OlJj>Z (_£JJI ?"lj-il (<s-3ej>JI (j2 <L>.|j2l <lL)Lj iie^Ja^a (jj-^J 



<■»**■ mtl 4jiLaJ 



LajLuaJ I 4jiLaJ 




OjjJI (Ji-JuO 



Gear pump Lj^p ii,^^ v £ j^-wi.tl 

4_u-upJI 4Jr uaJLl (_)-*£. AjjJiu 
LaJ2_a 4_ujjpJI a -»■ . >. 1 1 (JjiaJ .^jIjJkjL) 4_L^5^a o >- t~x- i n II 4jiLa.La .A - £ J^~~* ' 4^tii5j_« ^jjjpjl a -»■ i>» a 

/<U3E^>iJl ^r 2 jL»>-Il (.ill i "i" 4J )l aJX\ (jLLu/VI 4 La ■ ul aj jj>- 21 jl Juj ciJjjsJkL) ^jj/jpJI Jl>- I Jj-ajJ t^Lltl I JljjjJJ 
.(. i-r i ntl 4 aLaJLa ^_ i La » i a p'j-3 (j la^aj ^_ c^jjjjpJI 4 ^— > ■ ■"■ ^^^ '^tH 8 - 1 (j' - '-"''' < ^ = J- >- L>*- 4^>ol_Ltl 
(JjL-uJl .Jj-La (<uj (<u -T i La » i ia 1 1 4 2 La * a Jl 4 ^- 1 >■ 1 1 «.Lcj (J_^>- Lp>.jL>. (JJLLij (jl_Luj2l CjLcIjJS (JjL_u.Ii JLu 
(. r-a- 1 ntl 4jilaJLa (j"*- 1 (jLLi--Vl CjLc.ljJ2 2— (Jjl i ntl j '-'■--J ■(— -xi-JVl LLaaiaJ. Jl (jLLuj^l CjLc.ljJ2 ?TJ'-*' 
s.LiisjjJaJl xJ2j_i JJ9 JaJLLa ■ i<ai.| ^J2 |_£j^Jta Jjjjla {j£. i LaJi tiaJI 4 ala-La Jl (Jjl i ntl I Jl4> ■»■ tia ) j i La « i -a II a 



>Vf 







Couplings ub-^U- V 

:CjL>-j)j_tl aJIusVI (j-aj a ■■»-,>, 1 1 \j ^r j i_l!j^>J,l N J -t^* (JjL23 i La ■ i a ^_ $\jluzx\ 

AjlaLla^a CjL>-j)j_a • 

.<L*-)j_tl (jLLu/^l CjL>-j)j_a • 

Reservoir jljjy lo- \* 

a I La-JJI (J-iJI i"i"t c-jalij, I j-^ajJjjjLa-JI (Jjl i ail p ^j" i •■ i ^— > (J-a-*-l 

■^y^a-JjjjL-ifJI JjL_JI (j-a 4_JLuaJ| -iljJtlj *Ulj *I^JI J'-^ 
pi -1^-— j II J CjLal_a-^l JLa ,_£jj>.VI *ljj>.VI J 4 ie i >■ 1 , 1 J l<]j^>J,I 4-lL. '.-^— j_* 
t^yjkj 4-a-re^>- JljJljsoj (jl^>JI p j -i LaHl JlcI^SJI ^Jaju 2Lc|j_a (_cjvj i_d-iLLa_aJI oJlA Jjj 



.L^J 7-j) a i n a ajljj>- <L»-j-i (_yic-l SLclj-4-l Jjt (""ill ^j-* 3 OkjLlJI SjIj^kJI 

.( CjLJIjJkJI J < CjlJI aia ■ aVl 
.J-a-*JI (jl^aua 



> V £ 



AaJljJISjb-jJ! 



dutU 

|4&tj LJUuLui 







Filters uLtwjii v v 

:LJLlII <_ilj mVI j^yi ^y^sLjJjjjiaJI (JjI intl cj^Jj L^ajj 

<(jlj^>JI <L»-j)j_« j (_i^ i n"itl f-i'j-a (J^L>- CjLjjJU' (J^i»0 <(_)^=LjJI ^j^l TtjLLlI (J-Ji (""ill (J^L>- CjjJLlJI • 



r 



^L-jVl 



: 






1 







^ V« 
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Coolers utojttlv- \* 

J <_<_uLJ^I 4- JjL^I Jj^^ Jl ^ 1 ^LLJI -^ Jl ''tl^V.^VI j2JZ <-.mui"m t 4.1^34] jj J-frJI 4_«_LiJ^I 4- 
Jl SjIj^kJI <>Jl4> TJJ£> (<u-l (j"*-*-" ^^ (J] Ly^ =a 7HJL?' '-r <-P' ' "tl 2jIjj>- <^>.j.} pLnjjl ^- '- ' ' ' "**' ) ' Jukj .«.ljj>-2l 
— * ^j-^- (JJ* '■"'"') ejl_j^. *>jJ -^'-^j-* ■» U' ^— L -" VJ •(£>*••' *'j-^^'' 3 *— iJJuVI J ^jIjJkJI 4 La i ul aj <J-a-*JI j-^*" 
j '^3 (. i 1 1 n < Li_d <U a i ri a J-<^- 4.<vl3 Jl OjjJI 4_»-j)jJ (_^JaAaeJj sjlj_>JI 4_»-j.} pLflJjl Jtlc .4jaXa 4_»-j.} "I * 

.filial ^j^V^lP^j-^ 1 

..sjl>J.I ^jJLI o-*^» Zj|>>JI ^o- 5 cr^ 1 ^sLt-JJ (thermostat) 

: (Jir <k <L».LliJU Jlj^jjJI Sj^».| flj-il i_>^jtj 

.Ajala i^jj Y0 ^^ Sjlj^. i^jj Jj^J t^ljjk Jj-uj • 
.<U_j_us 4_»-j.i TO ^Ti^t- aj|j_». 4-»-j-S 2^xdJ t^—lLa -}_)-<-« • 



.(^Ijjfc -^-a J (jyjLa -^>^i O^JJ- 1 " 3 ^~ ^ J ^~ ^ d>^ ^~i '^ L^Vdi 





^Ijjii -}>-<-« \~ I J^— I Ml 



^Ls Jj-^a A" £ J^-imi 



> V% 
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Heaters uL&m a- >♦ 

(jLjjis Jl clUj i_3Jl^j j 4 Jj LLaJL I •Lc.j < "tLij (jrliil ^-J^' Ji (Ji* mi" II Sjlj_»- <^>-J-S /<-2>J CjI lie i all aJlJt" i n"< 
^JJ (^JjJ e5^'j , <tl^",^VI j|jsj_j A^j^UI f-LflJjl J if ^Uaill J-Lt-cuJ AjIJlJ 4- JjLuiU Aj^uLUI A^jjUl 

.OjjJI (jig ' '< a j '■^'<~ \ * "~ £ J^~ > ■"■" crtj-i j 




(J^tiO^S J. 



^lc \ 



i J^=u 



> VV 



AaJljJISjb-jJ! 



dutU 

|4&tj LJUuLui 



£121 LSoJLSjW 




.JjlAJI 4-uLS cjUIjU,,,VI • 



> VA 



AaJljJISjb-jJ! 



dutU 
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Single-acting cylinder J^llkaiyi&I^WsM )- \\ 

(JJLlu J j a *" 2\\jt> , „VI » jjaj i •■" ^LjJLij «LJ| ala ■ u^A 1 . u *a «Jl>-Ij <L^>. Jl /-^a-Jaj, LlJI (Jjl * nil (Jl La )l /<uj 




Wiper ^-L^ .) 

Venting screw ..mr.il jLu^ .Y 

Piston rod ^,,.^-.1,1 g-ijj .r 

Cylinder barrel *j|jU,»Vl (*^l>. . t 

Cylinder rod bearing ^...^-.1,1 ^Iji J^** . o 

oeal <_i^ i .r.il x-iLa .*\ 

Mounting screw ...j^pJI jU^o .v 

Single Acting Cylinder 



> VH 
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Double Acting Cylinder JjuJliuJLuAJl^^l y- m 

«LJI ala i -Vl « jlaj ■ •■" lLUJJ j ^j ■■ '^—< ll (^jjjL*. ^j-^ (JjloJI 4_uL<j «LJI ala ■ u^ I ) _ / ^— '^Ijj ' ' " (_pl i oJI (Jl La )l /<mj 

.JjLaJI 4_uLu ^'-Ijl V I g I La J3 ^ Y- £ J^=uUI (>uj .<>ukL>oV^ 4- J-o^JI iLuoIS 



f=3E 









X* 



fl 



V v 



.V 



r* 



^ 



"Sn 



ts-. 



Piston (jmj^-.q .^ 

Piston rod L> ^=J.l ^Ijj .Y 

Cylinder rod bearing a ....*=-. U ^Iji J*** .V 

Annular piston surface jhi^U a^k a^L^ . £ 

Piston surface .m^1I i^L^ .0 



Double Acting Cylinder 



U< 
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a\\* U , ,,y I < a La a 



S'iIjU. , ..VI j_aj 



Differential 
cylinder 



ri'llj U , ,, 



4-LLLaLal 



*(J •\'^~~' ^ ,1 4>LiLa) 



oc 




3 



cZ^L. 



2 i 1 



¥^n 



IP 



Synchronous 
cylinder 

la i u 






4 la a » i ia I , I <La.l i nt 

(A l =A 2 y^ 3 



ODE 



^ 



E 



a: 



n 



A. - A 






i — — r 



Cylinderwith 
end -position 
cushioning 



a 4X. >_ljJ1 /ya-Laje 



^ 



la i u 



5 >-iLt-gi 



r 






^ 



SE 



^a 



53 



TD 



P 



£ 



Telescopic 
Cylinder 



ila-i^i 



A J 'J* : ~— ■ ' "' 



uLalj) ilit ■ la »" 




i ' i I 1 ' 



Pressure 
intensifier 

«L)I aia i u 



J- 



Ll^ai 



laiu 



JaJL aJI j '^-— »* 



^ 



If 



^ 



Tandem 
Cylinder 

«L)I aia i u 



<Ll!llLi 



Lajilc aJl-Jt'i h"< 
Jaj» i aJI 4.>-l i ii a a 



W*- 1 




1 
, ,1, 


1 




,1 


1 II 


1 



iu^ujjjj^i ou^ia^Vi ^iji! \r- i j^=u 



^ 
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(J-* *'>^ 



Hydraulic valves ISuSJ^juaJIuULWI T- » 
Pressure valves JaJLuaJI ^_ ^~-ti oL»U^> >- T- N 



.^UaiJl 



^_ 4 i n i->j (j| Julj ■> I kill I Ji>-!j Jaji LaJI CjLaLj-uaJI /yj f~3-^' '- Jui J^><-> '-uaji (JaJl ' ^*jj ' aJ CjLaLa-ua 
UaJLLa CjJu><j Lajilc r^_>JI JajLLa d)l «l -i LaJl ^j_a f"_9-^' '-^ .J^^ *" ' ' ' '^" (Q J '"' OLaL»Atf 



Pressure relief valve 



:J 



P(A) 



lT(B) 



i la » i a 1 1 fftjJa *" aU^s 

Two-way pressure 
regulator 



FN 



A(B) 



P(W 



! ,L 



JaJt-LaJ I rft^Ja *"' aLj_uo 

Three-way pressure 
regulator 



Prl 



A(B) 



P(A) 



^T 



,U:.utia ^--,tl oUU^ \ t- t J^-i,t.t 



^At 







Pressure relief valves kiual\ ^>>*aj uUUd - I 

<L2Jj_La CjLaLiu-a jl (^pOppet ValVeSJ 2jLdJ9 CjLoL«j^ ^1^— > ui '£— LLaJI uaJI i_dj^a3 CjLoL«-u3 py^l 

t^LUL^ ^uji ^^Jl 2_ fU.^ti 03^ -(slide valves) 

.(j!j_jtU aJL^sjJJ <L=tIaJI <jL>oI JjJj_La «_SJlj • 
1 La a£ ■>! L<aJI j-«J-J aj^ljJI («-"iJJ S-iLc 4JL) Lqlg, ajjl jJI £_ 4j|j| <L2j^la Tc-LLaall pl_laJ9 J^— (Si £_ al a uaJI 

I'LJlJI (J 11 I 11 2 I I- 1 I 11 ->■ *\ LaJI fJ-4-X-l 

• Pj.Aj = r SjJ9 I Jl!j-« i_ij 1 n" 1 1 x_JLa j ualg <L>-1 1 11 a (jylc (Ji^-jJI LLaJLo (J-«WtJ • 

■ ajjLt-q-U iLLJS ujj_tjilll ' "'1 » j ua-Lg (jy ic 2UA 1 ,>.!! dJ^jjjJI Sjja • 

JJ3J3 ^_ I 1 1 1 n"i a TtlaJI 2— a\ <\ uaJl IJljj < i_d^_u jJ I SjJ9 ^j^a j_L==al SjJ9 IjJj-d (Ji-jJI 1 La » 1 a f-dJj' 'Jj * 

.(jlj^>JI ijLsoLi (JjI 1 nit (-jjj^. 

<jL>oL) <ie-uaJL I ' *Jj '-"" (J- a '-^ = J^*- 1 O' (_?» 1 ^ '^* /""'^J if-LdJjVI 4r (Ji>-jJI LLaJLia < 0" 1 ul Ijl • 

.JjJj_Ltl LLaJLuaJ I ' "^) '^" aLq-us i Ja£. 4_5j^la \ V - i J^— » igJI (j'V -1 



^Af 
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A B 



HDK 



V 



<S 





p 


"t 


9 


► > 


i 
. ! Ts i 


| \ 


1 i ' 
i 
i 

-"1 




jLjJ9 i U« >>.n ' aJ) i^aJ aLq-uaj 4_^=ljJ aj Jt-uk SjjI jJ /-g. Uafl (<u-uj ^ - £ J. 



^=l£ 



^Ai 
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JaJLLa ' *Jj ljJ, ~ r> I 3 ' <a ' < S^ aL trjL?' '-* p^~"*~ ' *>*' J ^ ~^~ ^ J^~* • 



> A* 
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t^jQJL^a . u» . V-tl ' *jj uaj CjLoLj-i^ (J-4-) 



j j.^^t i ^j^ ^ i^jLUi j a^lui ^y^zi\ lU^l^ji j_u: : Brake valves<_aL2j)M c^UU^ - ^ 

.i^x^ylS ^Uj^ii! (^Lill 3^^' J-Lc (Pi JJI 

'Vit i>iit 4 V>\ i^ jjj-aj jtic Jaj* <>iU ojjJI jj>*j 7r <i i n~ : Sequence valve 4_uuLnil oLal <n^tl - ^ 



^An 



AaJljJISjb-jJ! 



dutU 
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Pressure regulators ,U;,MI ^jkn oLaU^. - ^ 

A_ L^jLal Jiir" i nl 4_JLjl3 Ci-iTij j ( _1Jj*k3 /TJ^*- JaJLLa J I Ji>~jJ! JaJLLa i _ > iajL>J i La » i ia 1 1 CiLaLa-i^> aJlJt" i »" 

<Ulj_i-u I|_ p^-i sell! i Lai »>»tl C~^ '"' t*^-*- 4 - 3 ^-&^ a JlJt" i uJ 4_^=ljJ jj Ji-ui> SjjI jJ VL!us \ \~ t J^— ifuJI (j-U-? 

.4_LAJ.i 4-J a-g (JM->- A-jrjiiir^i Ct-LUJ jl tils Jtlc «LJ| aia i ■■ »> (j •\'^~~' " 9"9^-J Jl ^^ 




^_ 4 I o t" i ii a LLaJLuaJI A-daJj ALa-uaJ <Lti==>_J jj -Lu& p^— ■*- ■ S^il J ) A~ 1 J^— » 



> AV 



AaJljJISjb-jJ! 
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janaftpl 




Jo-is JjJj_iil ijJj^ejj i^-J^- (jli-JI £- j» I a ' ^ II IJ-u ( 2 -iJusJkl 4_>j_l2JI ^j ".'^~' ■ < ^ a> * ' " a *3^ *— 'jj'-*'- 1 '- 5 1 * 
| La » i a 1 1 ^_ (^frJa-tAj* ■ j (j-L>JI «J-3=-2 (_^a-ilSj ^_ <_lUj (. 1 i i »" < .^j^JI £— (jj'jJ J <^<-<- i (j| J I tiJ^jjjJI 




r- aj ii a t^jLtll *_iisjJI 



JjJJLa 'J J* mi" II /*- l ^ 5 _5 



jj-uiiLsol jj iU» ,^tl p^it^" ^Ljj-a ^ ^~ £ J^— > mJI 



\hh 
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Xtfc^l uULWI Y- T- \\ 
.DIN 150129 lJi^hoji ,.,,,,^ Ju^i^ui pj^=^! 








0= 



■J? 
IWv 

1p lLiL 



Y/Y (jr ^ ; t>.jj aUu> Y * - £ J^— iSJI 

.*_ij_<i-i i allieja j_JI JtjJ X-L&J (J^ 3 <_£-*■> * 

p j i " ' Jj^JijJI <>L>ijl ^J\ J\ t"n\ • 

.j—ial Ja-jo 4_2li_U aJLusjJI (JIl<jj • 

/— Iaa. p j i " 4_La_ujl^j 7t_pc_(-iajl oL>iJ 2(1 ^_ 4_L^jjl Tciis^jj • 

j^Li^j ^j^l I j *jj aj 1 (^-LJ i_3j_^_) Li j_aj_ij »t<«« Jaa. J*^-* ■"' lt^- (*-">^ ' A J '^* Cj^Lusj • 

■p^-^l 



^A<* 



AaJljJISjb-jJ! 
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"X" 



\x\ 



JZL 






•(Ji* '"'"" pLtisjl jj^a Lt-coj xjjjJLI (_p-4-l 
.Ojjjl (jljjj>- jl i a a ^J\ i La -•- 1 1 j I ■"■ ' 

.CjUjjJ.1 Ji»b 



: ( _ y J Lj^==i CjLseHaJI ^Jlc i. 1 1 n~>- ■ j^j"^ p^-.-»",tl diLoLa-uis i a * i aj 

Y/Y f U^ • 

Y/T f U^ • 

Y/£ f U^ • 

Y/o ^U^a • 

T/£ f U^ • 

.4j^U. CjULulaJ A_ L^al JlJt" i ill J-^-l l jjO diLaLj-uJ! /yj pljj j! <?JuJ (_£>i»| S_L) AC i - ' I »-ua LaJ j^jjj 



M 



AajljJISjb-jJ! 



dutU 

|4&tj LJUuLui 



£121 LSoJLSjW 



Y/Y 



(P,A) JiJ^a ^UJI ^jJI 
(P_^A) rfuLc ^jLtll j-iisjil 



# 



ip 







A 


_L 

T 


1 






r : 



Y/Y 



(P,T -*A) jii^ ^uji g^yi 



(T,P_^ A) jii^ ^jLji ^yi 



-X 



5 



pf i 

A 



"ft 



y/t 



(P _+ B _ , A _^ T) 



A I IB 



Pi IT 



Y/o 



(A_^R,p"_*B,T) 



A |B 



X 



f~ 



X/t 



(P, A, B, T) 



Al IB 



x4 



HI 



X 



Y/£ 



(P—T,A,B) 



A J-4 B 



B 



X 



Y/£ 



H J^ >!u IL. Ja ...j VI a-ii^Jl 

(P — A _+B_^T) 



I 



x/t 



(P, A _^ B^T) I>JL. 



tt 



X 



Y/£ 



(P_^A _^B,T) 



y 



-n 



X 



A-i^-p. alll I '"" al g <^tl jj-aj YY - t ^J*-— uA\ 
- \*\ - 



AaJljJISjb-jJ! 
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2/2-way valve Y/Y ^-wjUI olaU^lt - ^ 

'£— -ajLJr'inj j (YY- £ J^— ,*:,tl) (Pj , U ; , >» a^c^ j (A) (J-lL!uj ouk (^JLi Y/Y ,_, j^j"^ j*l n ^1 ^gjTcvj 

(jl aja) ilaLLaJ Y/Y ,_, J^j" * I t ' <a J LcLLaJ9 Y£ - £ (J^a >fuJ I OV^ J (3^j-^° 



HI 



IP LxJ L 



A Jl " ^j^a (jj^JJ ' Ji* '"'"^ P-^S 



0= 



"X" 



w^ 



Ji^ A J! P t^jUJ! £^1 



I 



i, j~t 



MA 



o 




Jjjj_La i Y/ Y ly H^j~ aL«_i^5 YY - i J^~~' '"'' 
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3/2-way valve Y/r c^r-j^I ^ U^Jl - Y 
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3/2 way valve, poppet design 



><u 



AaJljJISjb-jJ! 



dutU 

|4&tj LJUuLui 



£121 LSoJLSjW 




HCEto 



P T u-jL 




A j, i ~^j}jj { \ 3j_il jJI («-"-uj •<■ 



H 



I \ : \ U M ^ 

LUT A P Li 



Q 







r> o<m) 



Ts 



Lt^aLjJjjjLa-JI SjjI jJLI (^yCliaS («-"J •! 



Y/V t _ y $-i^.jj ^Lq^aj (Jjt-aJI 4j^L>.| 4Jl^ta-m| '£. p^——~,tl YA- * J^~- ■ 



m 



AaJljJISjb-jJ! 



dutU 

|4&tj LJUuLui 
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4/3-way valve x/i <^j>.j2JI ^U.^tl - i 
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Piloted non-return valve r ^ — " SjLiL ^^^j V ^ - Y 
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Flow rnntrnl valves Jft Oil 4 r ^ — -tl ol aU.ua 1- Y- \\ 
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One-way flow control valve jl*Ij 0UJI 4. j^aHl ^bn ^.Lu^. - Y 
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Two-way flow control valve (jh-*L>^l 4- j£jHI pJ±z ^ Lw^ - r 
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2/2 -way valve 
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3/2-way valve 


Y/Y (jr $-L».JJ j»Uj-3 


4/2-way valve 
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4/3 -way valve 
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Air distribution 
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Check valves 

Circuit diagram 

Clamping devices 

Components 

Compressor 

Compressed air regulators 

Condensate 

Coordinated motion 

Components 

Compressor 

Compressed air regulators 

End position cushioning 
Energy 

Fault finding 

Filters 

Fitting of valves 

Flow compressors 

Flow control elements 

Flow control valves 
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Gauge pressure 
Gear motors 
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Heater d^^ 

Hydraulic i^=^jj ^ j^ L^^jj^ 

Idle roller lever valve J-oii. ^*-j ol i Sj-^j ^U^. 
Indirect control of a pneumatic cylinder ^u^ ^i^k^f 2_ j_iui j-jiJi j^^a^ui 

Input element 
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Processors: Valves and logic elements 

Quick exhaust valve 

Reciprocating compressor 
Reservoir 
Rodless cylinder 
Roller lever valve 
Rotary actuators 
Rotary motion 
Rotary piston compressor 

Seal 

Sequence control 
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Shut-off valves 

Shuttle OR valve 

Signal flow 

Single-acting cylinder 

Slide valves 

Sliding-vane motors 

Standards 

Tandem double-acting cylinder 

Throttle valve 

Time delay valve 

Vent hole 
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